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of the more Importent LI - and Be - bearing

Kites of the Karlblb District hare been studied In detail

with rexar . .
minerslogy* % thelr ieode of «"Pleoement, Internal toning and

Jt Is ehowi that those complex pegmatites are related to
Imte kinematic granites of the Damsra-Otarl Orogeny. A "pegmatite
certee is suggested relating the complexity of pegmatites very
broadly with time and space in orogenlc belts. Iéimple pegmatites
mre thought to be of local secretive origin forming at a fairly
early stage In the metamorphlsm and are related to the first stages
of mobilisation of granitic material. Complex pegmatites are
genetically related to late tectonic granite plutoas Intruded Into
environments of moderate to high ]%rade metamorphlsm. Similar
mobilised granites emplaced Into higher oruetal levels In the form
of high level granite plutone crystallised at a relatively quicker
rate with the resulting effect of wide dispersion of unusual elements
In the normal silicates forming granites and the wide dispersion of
fluxlnm agents. The notable exception to this appears to betin
mineralisation found associated with high level orogenlc granites
as well as snorogenlo granites.

The pegmatites of the Karlblb District reveal a fairly
uniform sonal arrangement which is often developed In a vertical
dimension as well as the horlsontai. The Ideal arrangement of sonee
Is as followsi-

(a) The outer pegmatite sone of arlable thickness which Is
essentially a very coarse-grained granite consisting of larger
perthlte phenoerysts lying In a matrix of alblte, quarts and musco-
vite. The Inner portions of this sone may reveal a great enrichment
of perthlte, so much so, that It may grade Into a giant perthlte
sone e.g. Rubicon main ere-body| Kar%ebruzm close to the LI-bearing
ora sonee. This outer portion of the pegmatite may also reveal a
subdivision Into two distinct unites an outermost sons of alblte-
quarts-muecovite and an Inner sone of alblte-perthlte-quarts-
muscovlte.

(b) This sequence of essentially §ranitic crystallisation
is often abruFtly broken by the appearance of a sone consisting
essentially of cleavelandlte with minor quarts and wieeovlte. This
some [s characterised by the appearance of numerous accessory
minerals often in economic quantities, e.g. beryl, oolumblte-tsntalltt
fronde'llte, topas and apatite. The sone Is generally of the order-
1 -5 lent depending on the original else of the pegmatite and the
degree of fractionation. That It Is not a late replacement unit Is
confirmed by observations at Rubicon where corroded crystals of
beryl belonging to this sons are found lying In a matrix of lepidoliti
and alblte which Is the next unit to form. The lepldollte-alblte
sone In fact replaces the beryl-bearing sone. The striking symmetry
alone of the Rubicon body testifies to this sone preceding In
crystallisation sequence the Ll-ore sonee.

The significant fact about this sone Is that It marks a
distinct break In the crystallisation history of the pegmatite, I.e.
It marks the change from crystallisation of essentially granitic
components to the formation of late phase constituents, vis. LI-
bearing and associated minerals. It possibly marks the break from
nagmatie crystallisation to late-magmatlc conditions when
pneumstogenlo and even hydrothermal processes begin to operate.



« r* % 5 GAoug of mineral# to form are noticeably rich,
«n LI and are ,i*quentl® aeecoclated with #uSary alblte. e major
mineral# are petyllte, lepldollte and alblte, while minor amount#
© ) 41*? occur. There 1# a definite epaolal relatloeahlp
and time sequence 1* the formation of these minerals. Petallte
cryetalllsee first anC collect# In the upper part of this unit
Sanerally forming a hood. Amblygonlte, alblte, quart', may occur at
the same time. Immediately below this petallte hood, and at a eorno-
i*at later stags, fine-grained lepldollte crystallises together wit*t
alblte and minor quarts. The final phase to form at this general
stags 1is su1g‘ary alblte whlsh collects at the bottom of the still
non-crystalline portion of the ma chamber. The sugary alblte
phase 1s able to behave dlenlrloally and can Intrude, bracelets wd
»nlqqe any of the previously crystallised aonal constituents.
a#t#b sadeeeeive stags here can assume corrosive relationships to
pfevlouely eoneolldated unite. No assessment is made as to the
amount of re}ﬂlac.ement_that may take place as the criterion commonly
used for such diagnosis are somewhat subjective.

~ During this entire process of complex diffusions and
crystallisation, silica is apparently being concentrated In the
residual fractions of the pegmatite magma.

# #it e# mit #HH#H cvwild m*eiye f+

(d) The next sone to form is a cleavelendlte-rlch rook
confined to the quarts core margin. This oleavelandlte is able
to vein end breowlate and corrode the Immediately adjacent lying
lepldollte and is often associated with minerals sucfl1 as beryl,
oolusblte, tantallte, tourmaline, topae end apatite. Amblygonlte
may also belong to this stage of mineralisation though In general
it tends to be associated close In time with the petallte stage of

ml*er% Il*atlp#.

(e) The final etege of the crystallisation sequence is the
quarts core. Quarts velnlete emanating from the core have been
obeerved to out across adjacent lepldollte-rich and aeblygonlte-
alblte eonee. Euhedral crystals of oolusblte and beryl at the core
margin are completely surrounded by quarts. These observations
may suggest that quarts, although concentrated in the centre of the
dyke, probably existed in some unconsolidated state (e.g. a gel as

erotsen (1959) ha# suggested).

~ The development of a gas phase at certain stages of the
pegmatites consolidation history possibly accounts for the vertical
fractionation found in these pegmatites.

Finally details of the more Important pegmatite minerals
are given together with chemical analyses.



Pollovins on the earlier work of V. Da Kook and T.V.

Gever# the Beoooale Geology Research Unit of the Unleersltv of

wstwatererand undertook an Investigation of lithium - Lnd
berylllun-Hearing pegmatitea in tlie Karlblb Dletrlet, South

.. ***% following laportimt }lj(egmatites were mapped in detail*
Mabloon» Helicon, Karlabrunn, Broeknann'e pegmatite on AlbmehtahShe,
Seeker a pegmatite on Otjua, Kollombo, Henokert'a pegmatite on
Dernlxirg, Tan de Made'a pegmatite in the Erongo Sohlueht. The
majority of these pegmatitea lie within a radlua of 20 mllea from
Karlblb, approximately 120 mllea by rail from Valvle Bay Harbour.

Parallel with thle atudy, a regional Investigation of the
aouth-watern portion of the Damara geosynollne, including the Min

The generation of pegmatitea la a eubjeet which has
received great attention and given rise to a vast record ®" data as
reflected by the enormous number of articles which have been
ubllabed in the past and which continue to appear every year,
l‘llterature referencea given by Jahns, 1955).

With the somewhat limited time available the present
Investigation has been directed towards certain aspecta of pegmatite
r«neala which, the author hopes, will con rlbute to a fuller under-
standing of the complex pegmatitea of the Karlblb District in
particular, and which may also add to the knowledge of pegmatite
@eneala in general.

The present investigation la, therefore, concerned with
the following aspects of pegmatite genesis:

(1) Are complex pegmatites a product of in situ
crystallisation of pegmatite magmas emplaoed
into certain structurally controlled sites,
or do they represent products of a ecoretlon-
dIffuslon origin?

(11) If pegmatites crystallise from a magma, what
can be deduced from field observations about
their crystallisation history?

(111) Can any rational statements be made about the
source of such a pegmatite magma should it exist?

With regard to these . -sects of pegmatite formation the
author is indebted to D.A.M. Smith who has carried out a comprehen-
sive geological investigation of that section of Damara ge synoline
In which the complex economic ncgaatltes occur (Smith, 1961/. This
work Is sn integral part of the present investigation in that it
gives the geological background to the development of the 11thlam-
end beryllium-bearing pegmatites. In general the formation of
pegmatites is closely related to the processes of aotaaorphiso,
grenltisatlon and mobilisation associated with major orogenlc events.
They should be considered in terms of this environment, and for this
reason the author has drawn heavily from Smith e work.

_ The present paper is subdivided into three major sections,
via:-



(11) ) Nemorlptloe of ladIrldool rT it n it
with p<rt*oul*r referoneo to mBoroeooplo
tezllureo, end Inter-pelatlonehlpe of verteae

HI In"nntlgatlone of the major pegmatite mlmerala.
g Jjor peg

. Ttaoe three aepeeto are treated separately eaeh with
respective discussions and conclusions. The final chanter is
isvoted to a synthesis of all the data.

PREVIOUS WORK

"bs first significant detailed mapping In and around ths
pegmatite region began In 1927 when the "Rrongo Tin Fields" were
Investigated by Haughton, Froemuree, and Dovers. In 1929 (levers
end Frommurse published the first account of the tln-bearlng

natltee. This work, supplemented by that of Sohvellnue m i
meau, was finall assem]%}fed Into two geological maps (sheet*
Eo. 71 Omaruru 1939, and lo. 72 Ksrlblb 19%2).

The description accompanying the Karlblb sheet reports
the occurrence of llthluc minerals such as amblygonlte, llthla-mlen,
and slnnwalldlte at several localities.

A fter extending the mapping west- and southwards, Severs
in 1934 dealt with Igneous rocks on a regional basis snd alleeated
the economically Important pegmatites to certain types of granite
Intrusive Into the meta-sediments of the Danara System.

In 1932 De Kook made the first more detailed study of
lithium-bearing pegmatites of the Karlblb District (Rutbloon, Helloem
and Karlebrunm). He observed the occurrence of beryl In these
pegmatites as well as other less common lithium minerals, e.g.
coohelts, slnnwaldlte anc) rubelllte, and considered lepldollte
always to be a replacement product of feldspar and to a very slight

degree of topas.

In 1944 H. Eel published the results of a detailed
nlaeraloglcal investigation of polluoite from Helicon, followed in
1946 by detailed accounts of petallte and amblygonlte from

larlebnmn.

The eonal arrangement of minerals In pegmatites was
briefly referred to by Oarers and Frommurse In 1929. The systematic
arrangement of sonea In North American pegmatites, as well as their
theoretical Implications, were fully reported In 1949 by Cameron et.
ml. Cameron applied these concepts to some South West African

pegmatites In 1955.
In 1961 Rearing showed that a secretion - diffusion origin
was not tenable for the complex pegmatites of the Karlblb area and

that teujlonal openings provided favourable loci for pegmatite
emplacement. This comprises the first section of the present paper.

A reeect contribution has cone from Smith (unpublished
thesis 1961). He Is of the opinion that the pegmatites are Intlmate-

3/



~ The Oeecehreooiogy Mrlelen of the BemarO Prlee leetltute
In eomjemet&on with the Council, for Scientific end industrial

heeeareh has boon ongoged In a progmnee of e detecelnntlone
mninly of popntlto ninerale from the Demare flyetee (Burger,

Sloelayeon and hetheneyer, nanueorlpt In preparation).

GEOLOGICAL BBTTIBQ

* m ini UIZLX

The pognatltoe under oonelderation all ooour In roeke of
the Danara Sretea. The etratlgraphlo ooluan of the latter wee
Initially outlined by Severe end Froamurse (1926 - 34). Beseat
work by Smith ﬁ1961) has modified their conclusion# not oo aneh la
regard to etratlgraphy but In the interpretation of the aetamerphle

roeka, gneleeee, and granltee.

The atratlgraphlo euoceeelon In Weatem Deearmlei#
according to Smith le as follows*-

STRATiaiUPHICAL USIT AFPHDXIMATI THZOnSSS
KBONAS SCHIST SERIES ¢ 10,000 FT
UPPER KARBLE SERIES 0- 1,800 FT
CHUOS TILLITE 0-900 FT
0-600 FT
GUAKSZTE KHAR FACIES 0- 3,500 FT
0- 10,000 FT
UNCONFORMITY

E. LITMDU ¢

(a) garlee

-resis: stsss'M tt



(b) toWtr fffrtft (»ot developed In the Kerlbito Dietriot)

The pi'edeelnetlng rooke are white orretalllne marble#
with Intjroalatlona of biotlte eehlst and quartalte. within the
letter pebble horlsone have a limited local distribution. At tbs
base aophlbole-blotlts schist is sporadically developed.

(¢)

A flaolal boulder bed with $rsnulltlc schistose matrin.
In places associated with thinly laminated biotlte-schists.

(d) Ppsvr Marble Series

Compoeod mainly of massive blue and white dolomltlo
marbles with abundan®* chert bands. Oalc-elllcatee are develeeed
locally. As In the Lower fmrble Series, aaphlbole-blotlte schist
may sometimes be found at the base.

(¢) Thonaa Sohlst Be Ism

A thick group of well foliated biotlte schists alternating
with biotlte-quarts schists. Cordlerlte, aaraet, andaluelte,
etaurollte, aotlnollte, hornblende and allllmanlte are often
developed

Apart from the normal msta-sedlmsnts described above,
there occur various algaatltes, gneisses end granites mostly
characterletlc of their own stratlgraphlcal environment. Aeld red
uartso-feldepathlo granites and gneisses are developed mainly la
the basal Quartsite %eries and therefore outcrop mostly In the
cores of anticlinal and elongate domical structures. ore widespread
biotlte gneisses and granites, often porphyrltlo, on the other hand
have been generated within the Khomas Sc}ﬁists filling eynellnea or
elongate basins. South and southwest of Karlbib the latter also
Include quarts dlorltea.

Later Intrusive granites, either rich In biotlte or
deficient In this mineral, also occur but are of limited else and
restricted distribution. According to Smith, the lithium - and
beryllium-bearing pegmatites are associated with such bodies# Age
determinations on uranium and thorium minerals, as well as
lepldollte, have yielded values around 510 million years,
(IToolayaen, personal communication).

0. STRUCTURE

The Damara rooks are folded along axes doalnantly

stresses producing the dominant R.I. fold trend.
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This Motion le confined to one particular aeneot of tta
mtudy of pegmatite#, Tie. the mode of emplacement of the oowlex U
and Be-pe~atlte type. It wam considered that an inveetlmatlcn of
thi# problem mould),}l)ay a solid foundation for the subsequent
mectlene”eallng with the genesis of thoM pegmatite#, furthermore,
if it were established that certain structural condition# favoured
their emplacement, knowledge of the genesis of such condition# could
possibly assist in the locating of further occurrences of presently
undiscovered ore-bodlee.

_ In order to establish the node of emplacement, the
following two points are considered to be of major importance:

Have the pegmatites formed from a
local secretlon-dlffusion Mohanlsm,
or have they cryetalllMd from a
pegmatite

What were the structural conditions
that influenced pegmatite emplacement*

All possible relationshiFs of the pegmatite to the wall
rook, and the character of the wall rook itself were uMd to
answer the first question.

The structural environment of the pegmatites eam
determined from the relationships of the pegmatites to the regional
stmcture and to smaller structures (e.g lineatlons, foliations,
bedding).

o It the AlbrechtehShe-tollowbo area the smaller structures
as indicated above were treated statistically and then UMd in the
interpretation of the tectonic history.

The following three areas were Mleoted for the study of
the structural environment of the pegmatites

The Karlsbrunn pegmatite (PLAT: I).

Pegmatites of the AlbreohtshShe-Iollombo
area (PLAT: %the rectangular area in the
norl iaet)e

Brockmann'e pegmatite on Teaoblemmd 58.

This body le not shown on PLAT: I but
occurs a1 cxlmately 45 miles southwest
of Karlblb.

6/...



s. TMOMTICAL OMgiaWIUHg

(a) »rimf m#vli#w of Th#orl## on Qenemlm of Pegmatite#

lo attempt will be eede to give a complete review of the
present theories on pegmatite genesis. The reader Is referred to
a comprehensive account by Johns (1955) on the present state of

knowledge on pegmatite genesis, which Is accompanied by an extensive
list of references on the subject.

Two theories on the origin of pegmatites are currently
most acceFtable, fhe first Is the megmatlo theory which envisages
a Demmatltlo phase lo represent segregations from parent Igneous
masses. The pegmatites cwy be found within the mother pluton or
mar be Injected Into the surrounding rook. This residual pegmatite

ie considered to consist of a silicate and aluminium silicate
system rich in volatile constituents. The gross composition differs
little from that of ordinary Igneous rooks. (Johns op. olt.i

Crystallisation is Imagined to have taken place In situ
from the pegmatite magma. There are differing opinions as to lAether

from it during crystallisation,

form pegmatites.

of
ona,



In which eeoretlon typee of pegmatitem do seem to hire formed.

~ The complex pegmatites (e.g. LI and Be-bearing ‘E{ypes)
art possibly of a different nature, and their genesis need not
necessarily be the same as that of the pegmatites of Vest Greenland.

To summarise, the emplacement of pegmatites may occur as
a result of the following processes*-

(1) Injection of a pegmatite magma.
(I1) Secretion from the surrounding rooks.

(Il11) Concretionary growth where pegmatites grow
by pushing apart the country rook In a
manner similar to the growth of porpbyro-blasta.
According to Ramber% (%952), suc ]i)egmatites
develope§ as crystallising bodies In crystalline
surroundings.

(Iv) Replacement,

(b) M1A2BJ
vlronmmg

Ideally, structural data on the country rook, obtained from
measurements on as many scales as possible should be used as a means
of determining the conditions that influenced the localisation of
the relevant pegmatite. If, however, the relationship of the
macroscopic structure Is sufficiently conclusive It would seem
unnecessary to seek confirmatory evidence In a study of related
mesoscopic and microscopic stmsturss. (For definitions of macro-,
meso- and microscopic scales see Velas, 1958). Thus. In the present
Investigation one of the pegmatite areas (Karlebnmn) was studied
on a macroscopic scale only. Conditions In the Albrechtshebe-
Kollombo area are similar to those at Karlebnmn, but it was decided
to attempt to unrtvel the tectonic history by employing statistical
analysis of mesoscogic structural features In addition to the

ths mBoposooplo *tnictursl dstse Th* BUB spp 0

the Teaoblemund 58 area.

Statistical analysis of structural geometry Involves the

E S :
projection and treated statistically.

The Interpretation of such projections has become e reither
the

(1959) end Ramsay (1960, 1962a, 1962b).

The present paper makes use of several terms which are
defined as followst-

TMi* .r. thtM *1le type, of lIM stlo.
+* weiae (on. elte)s-



1. *Mnaatlone oaueed by folding on a mloroaooplo
scale of a fabric surface. This structure Is
honologons with folding on a larger scale.*

Llneatlons caused by elongation of fabric
*lewote such as Individual grains, groups
o“:f grains, small heterogeneous Inclusions,
eto®

3. "Llneatlons caused by mutually Inclined sets
of fabric surfaces. A parallel llneatlon
occurs In each set of surfaces."

FnidinaiTh«i basis of similar folding Is the presence of
cleavage or echletoelty surfacen along which
movement has taken place. These are often
Inclined to and penetrate the main bedding,
foliation or form surfaces. The most Important
maohanlam of similar folding Is one of flattening
and in particular, differential flattening
gRamsay 1962b). A characteristic, geometrical
eature of similar folds is that the individual
thickness of bedding surfaces is variable, being
thickest at the hinge of the fold and thinning out
on the limbs, while the thickness msasured along
a line parallel to the axial plane remains constant.

The interpretation of the statistical data In the present
paper is based on the principles Involved in the process of super-
osod folding. Ascertairing the effect of folding earlier
ineatlone and establishing what positions they adopt In space,
was considered to be of less Importance than determining the
attitude of llneatlons superposed on pre-existlug structures. The
principles involved In the former process are presented by Weiss
[1959) and Ramsay (1960). The second, somewhat simple/ ease is
discussed below as it has a direct bearing on the Albrechtahobe-
lollombo area.

When llneatlons formed by similar folding (axial plane
cleavage actin% as slip surfaces) are superimposed on tn existing
etnicture (such as an uneynswtrloal arrangement of foliation planesi,
the only ideal parameter constant In the new set of llneatlons would
be the axial plane cleavage slip surfaces; the llneatlons formed
by the intersection of these surfaces with the uneymmetrical
arrangement of pre-existing foliation surfaces would either os axial
plane oleavagi foliation intersections or small folds formed by

all the llneatlons. On a stereographio plot the superposed 1Inea-
tlone would then fall on a great circle.

In nature, conditions would not beideal. T

isoclinal folding is prominent.

surface. al/...



m n & m m m ? -
*Si" prwlH that eupeplepoied llw tlone (foiwd by
fcxdlae blob* axial plane cleavage clip eurfacee) are
controlled by, and lie eloee to, the axial plane of the euperpoeced
folds, forme the basic of the Interpretation weed In establishing
the structural history of the Albreohtahfiba-Eolloabo area (pa#sl2 ).

The minor structures that have been made use of In the
Stsent Investigation are email folds, beddlng-oleavage Intersections,
dding and cleavage (echletoalty). Llneatlone vsre measured where
they were well developed and the banded llneetone-blottte schist
shown on TLATI Il was particularly useful In this respect In that It
characteristically reveals a profusion of minor folds and llneatlone.

c. arnywilTAHPB o7 rim ow m m aM

The LI- and Be-pegmatltes of the Karlblb District, and
Brockmann’s pegmatite, are considered to be associated with the
irlod of Samara metamorphlsn and Salem granite formation (Smith,

These pegmatites occur In rooks of varying character
iv are known to lie In Damara marbles (e.g. Helicon

IT on Okongava Oct? and In Damara quartsite, e.g. Broebasm's
natlts on Teaoblemund 58, and Henokert's pegmatite on Dembu**
I@e Plate I). (Brockmann'c pegmatite Is not situated within this
area). The main 8-shaped pegmatite In the Albrechtehohe-Eollombo

arca transects the Damara marbles, a transition sons between the
marbles end the Khomas Schists, and finally the Ehomae Schists

(PLATE 11).

It would thus seen that the mineralised pegmatites bear no
alf& Iflosat chemical relationship to their wall rocks. The pegmatite
ooeeeltlen Is characterised by silica, alumina, alkalis, Be, fa, Ob,

\0/000
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Hirvwelo t# ) It Is ooneldered unlikely that dolomltlo marbles would
- constitute a substantial source of silica, alumina and sons of t*»
ne44 T R unusual elements indicated above, which are necessary to produce

*»a/T»IS)iﬂfj F a pegmatite by a secretlon-diffusion mechanism.

On the basis of these data, it seems Justifiable to assume
a megmatlo source for this type of pegmatite. The discussion of the
structural conditions which might have controlled the emplacement
of the pegmatites will be base(% on the assumption that these
bodies were derived from a -——-—-

(b) Specific Examples of i“iaoement.

(1) The Karlsbrunn Paamatlta (filTBg I and m )

This is a lithium pegmatite w.th beryl and coluabite
occurring in 'he Danara Marble Scries. The main pegmatite body has
a "phaoollthle shape" (i.e. in the sense of its sﬁape wnlyi it has
not been folded and shows no signs of internal deformation), part
of the pegmatite being almost vertical while the remainder la

aotloally horlsontal. A smaller body occurs Just northeast of
iis end has the shape of a vertical lens. The vertical dyke-like
portions of the pegmatite are those that have been considered in
this study. The strike and alp of the main vertical portion of the
pegmatite is suggested by the Jooete beryl quarry. The latter, a
vertical narrow out, defines the strike end dip of a very rich beryl
eone which has been mined out. The out is approximately 70 feet
long, 6 feet wide, and at present 20 - 50 feet deop. The floor is
filled with rubble so it is possible that the workings continued
even deeper. The strike and dip of this beryl sens 1s taken to
represent the strike and dip of a wide dyke displaying typical
toning. The strike is north-south (magnetic).

Another vertical dyke-like portion of the pegmatite,
underlying the flat part, is found some 450 feet to the northeast
of the Jooete beryl quarry. Here the central part of the pegmatite
consists of a continuous some of mixed quarts, grey and pink
lepidollte, petalite and alblte. This central core sons has an
average width of 10 feet, is vertical over and exposed height of
30 -40 feet and can be traced for a distance of 120 feet. Thu
strike of the mineralised sone is north-south (magnetic) end the
remainder of the pegmatite can be taken to have a similar attitude.
The observable eastern contact of this pegmatite with the limestone
is steep, the strike being essentially parallel to that of the

mineralised sone.

These two vertical portions of the structurally complex

to ascertain.

W 1 iv...



Strike
360® (H g)

260 70° lorth

The northerly strike belongs to the seas system as the
Karlsbrunn vertical dyke-llke portions. The other direction Is more
or Iwee at right angles to this, and Is found also In the Albrechts-
hdhi -Kollombo area which has been subjected to the same stress
conditions. The explanation la given In the next section (page 19 ).

A similar parallel fault occurs approximately two miles
to the east of the Kparlsbrunn wrench. The relative movement on this
fault could not be determined with the same degree of certainly as
at Karlsbrunn. However, the faults are considered to be similar

as regards attitude, displacement and time of formation becausei-

- They are parallel to each other.

- Oolomltlo limestone fragments cemented by
chert-like material occur In both.

- The apparent displacement, of a oale-ellloate
horlson at one locality on the eastern fault
suggests a movement In the same direction as
the Karlsbrunn wrench. (See PLATE II).

- Pegmatite emplacement Is closely connected
with this period of faulting. This has already
been described In the case of the western Karlsbrunn
wrench fault. The eastern fault tone has pegmatite
mineralisation developed although In a manner Identical

with that at Karlsbrunn (see page 19 ).
The Karlsbrunn pegmatite Illustrates two Important featuresi

1. It occurs In dolomltle marbles and a smcretlon-
dIffusion hypothesis Involving enrichment of elements
aid coBounds such as silica, alumina, alkalis, Be, B,
», f, Ta, Ob, an,Is therefore highly unlikely.

v



tbrrwrtlOB1 (trke-lllra portions of the Karlsbrunn

c«n be related to tenelonal openings
oaused in oonjunction with a period of wrencﬁ
faulting occurring in the area.

(11) The Pegnatitee of the Albrechtahahe-Xoiin-K*
Area ——m

1. Qenerrl Geology

A regional geological map has been compiled by Smith end
is Included to shew the location of the Albrechtsh8h»-lollombo
area, as well as some of the other pegmatites of the Karlblb
District (PLATE I and IX). (Smith, 1i9%1).

This area was selected for two reasonst-

— It la one of the few areas that contains
pegmatites of the same group (late tectonic).
This pegmatite group is known to carry economic
minerals, e.g. beryl, lithium minerals, tentente-
eoluablte, and tourmaline. Earlier syn- or pre-
tectonic, pegmatites occurring in this area are
generally simple quarts-feldepar - mica types
with minor accessories;

The area lends itself to detailed structural
enalysle, i.e. statistical assessment of
llneatlons end foliations.

Host of the area is underlain by tightly folded (virtually
isoclinal) Damara marbles (PLATE I1). The marbles occasionally
contain calc-ellloate horisons which facilitate easy macroscopic
determination of foliations end llneatlons (micro- end small folds).
At two localities llneatlons measured in the calc-ellloate horisons
revealed that there was no dominant statistical orientation over
oiltcrops of a few square feet, thus suggesting that flow had taken
place.

Overlying the marbles is a very distinctive bended unit
made up of narrow alternatin% layers of dolomltlc marble and "“aarts-
blotlte schist. Individual layers are of the order 1/4 - 3/4 Ins.
in width. This rook type forms a transitional sons between the
Samara marbles sad Khcnas schists proper. In this area the latter
are composed dominantly of foliated black blotlte rich schists.

2. Pegmatites

Several pegmatites occur within this areas, the majority
of which are barren. Klnerallied bodies show no signs of internal
deformation end distinctly cross-cut the structure. They are,
therefore, late tectonic (see pegs 22). The characteristics of
this group of pegmatites are discussed below.

Attention is drawn to the central "S’-shaped pegmatite
body  (PLATE IT). The greater part of the pegmatite le made up

»f pink microsline perthits crystals of varying else («P 4° )
feet) lying in a groimdmaas of intergro* quarts-eueoovite. Albite

mlea end bodies of massive dominantly alblte rook.

M *11 quarts blows are sometimes Irregularly dev#loped.

rctu SfclffS/s a

3/...
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distancem of 30 - 30 feet. On their margina, or intermingled with
the quarts, mlnermla such ae pink lepldollte, ambljgonlte? berrl.
tourmaline and oolumblte may occur. Alblte accompanying theee ore
minerals la oharacterlatloally developed In platy aggregates.

A large concentration of Ll-alneralLsatlon la found In
the northeastern extremi%y of the "S"-shaped pegmatite  (Brockmann'e
Property in PLATS II). his ore body la rich In lepldollte and
amlblyl-)%onlte and also contains minor amounts of beryl and tantalo-
colunblte.

This ma"-ehaped pegmatite is thus mluerallaed only at
local. Irregularly dispersed centres, the maxlnua loncentratlon of
economic aims ale occurring at the northeastern extremity. In this
section the uhole pegmatite dyke Is regarded as a single unit.
Another mineralised pegmatite ou Kolloabo is that of Berger. This
also contains LI- and ﬁe-mlnerala.

The other pegmatites Indicated on the map (PLATE II) are
essentially of the mlcrocline-alblte-quarta-nueoovlte-type, idiloh
locally may deveIO{) a quarts core and minor lithium, beryllium,
tourmaline mineralisation.

The similarity of mineralogy and general character of the
majority of pegmatites In this area suggest that they belong to one
single phase of pegmatite Intrusion. Genetically they may be
considered as a group consisting of the common reddish pegmatite
type with Its typical alorocllne-alblte-quartc-museovlte assemblage,
with local differentiates of LI, Be and ass dated mineralisation.

This group of pegmatites Is considered to be late tectonic
gsee pages Iflto 22). There are, however, a few narrow, simple quarts
eldspar pegmatites aid quarts veins In this area (fig. 1 ), which
are folded together with the foliation. This relationship strongly
suggests that they are pre- or lyntectonlc. Such pegmatites do not
give rise to LI- and Be-orea.

Of the different types of pegmatites of varying ages, only
the complex group are considered in this V xt.

3« Btruof -al Geology

Statistical analysis was employed as the means of Inter-
pretation of the structural geometry In the AlbrechtehShe-Iollef e
area. This Involved measurement of llneatlone and foliations I the
field. Observations were made at 600 points. At each P°tot the A
Cometrlcal attitude of the above features were recorded If developed.

PLATE 1V, the orientations measured at each point have been

recorded. If two obviously different directions were observed at
one point, both directions have been plotted.

The nature of the structure varies “Ty

SEKS EESKFE SH -F -

Bub-Area 1
_tht. tub-tr.. tim.s * ..rttin d.gr~ of .luilolt]
IvV...
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If a point In the centre of these two "**<»* is taken to
r*Pree*B” the pole of the axial plane, then It can be seen that the
subsequently plotted trace of this plane fores a great circle which
contains all the llneatlons (fig* 2(3. In other words, the axial
plane of the fold (and since the fold Is approxlnately isoclinal
tan axial plane would apply to the average orientation of all
foliations of the sub-area; very rigidly controls the positions of
tbs llneatlons Lp and Lj. The original attitude of the beds after
L1 folding gave rise to a series of parallel-orientated foliation
surfaces in which the new superposed llneatlons lie. The control

2 ,fu%).?ppo_eed llneatlons by the previous geometrical attitude of the
foliation is particularly clear In the ease of Lg llneatlons which

foyv two distinct maxima, the northernmost one, Lgf controlled to a
high deEree by the shallower dip of the northern Ilab of the syncline
(A'ge. kb and” 2c).

Llneatlons Lg, L? and L) are ‘'iue rigidly controlled by
the original geemetrical attitude of the syncline, and on this
reasoning alone It can be concluded that the Lg and L* llneatlons
m st have been superimposed on an older L% stni'*ture. furthermore,
the Intensity of these later fold movements In is sub-area was not
sufficiently strong to rotate (or fold) the or: nal structure about
new axes. To the south and the west of the sis,, le synclinal
structure the latter deformatlonal phases have certainly been more
Intense than the earlier phase, resulting in marked changes In the

outcrop pattern.

The concentration of Lg llneatlons (fig. 2b) define*, a
pole to a second great circle of poles to foliation planes which is
also present In fig. 2c.

Ir this sub-area then It oen be established that a primary

period of folding (Li) was followed by two distinctly later sets
which have not been dated with respect to one another.

flub-Area 11

This area aleo has a simpler structure than some of the
other sub-araas, and for this reason was chosen to characterise a
certain trend and orientation of folds, and thus possibly, a certain
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trend end orientation of folds, and thus possibly, a certain age of
fold# 'ithln the whole area.

The trend of the llneatlons and the trend tightly folded
mynollnal mtruoture are almost at right angles to those In sub-Area
I.. (PLATES IX and IV; compare fig. 2b and fig. 4b)

The foliation plot displays the Isoclinal nature of the
folds (fig. 4a). It can be established that all foliations have
essentlal%y the same orientation. A statistical plot of all the
foliations defines a distinct maximum which Is the pole to the axial
plane of tlas Isoclinal folds. The limbs of the folds are very long
In relation to their hinges. This Is also shown by the faet that
essentially all the foliations have a similar orientation. Due to the
Isoclinal nature of the foldr the orientation of the axial plane
cleavages and the foliations arv vli tually the same (see fig. 5).
Por this reason, these two parameters have been plotted together In
all the foliation diagrams of the Albreohtehohe-Kollombo area.

The trace of the axial plane Is again seen to be the great
circle containing tbs spread on all the llneatlons of Sub-Area u
(fig, 4b). The maximum Is eloee to that of the original foliation
trends established in Sub-Area I where all toe foliations dipped
steeply towards the south. With superimposed foldin% this is to be
expected. The plunge of the Lg folds is controlled by the attitude
of the foliation surfaces prior to their formation. In this
Earticular sub-area, however, the outorop Eattern reveals a fairly
omogeneous structure plunging to the south. Mr vestige of the Li
structure Is present except for the position of the Lg fold axis idiloc
was certainly controlled by the earlier fold geometry. It follows,
therefore, that In this region the second f01§ movements were such
stronger than the earlier movements, In that the earlier structure
ham been completely obliterated.

A weak set of llneatlons lying at right angles to Lg has
been observed on a few occasions only. These are mainly boudln

Lf.

Is thi. m* «r.j !e.

m m A m

of folding.

Ilneatlons are as follows <-

16/«e
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CA#
fitlEtilS1 Plynggi
\% 186° 44°8
Lg 185° 34°6
L) (1) 3029 W>W
n K
t T £ % ||
*no/
T .hS‘., Th» pattern of folding In this sub-area Is essentially
BOiJsi uniform. Pig. 9a shows that the folds are essentially Isoclinal.
DI - Lilneatlons show a weak spread which lie on the axial plane of the
*  fsxi: folds [fig* 9blJ.
<v
1 . It was observed at one locality that two distinctly
different sets of llneatlons do In fact occur* e.g.
% B El Qgsi
- N .. Qg
. Lg folded (?) 161° 30° 8.E.
do 940 44° E.
I* (?7) 24° 5° H.fLI.
do 20° 9° fl.I.E.
Positive age relations between the two could not be determined.
flub-Area IV
This area Is similar to Sub-Area III. The llneatlons show
s spread on the axial plane of the fold. The axial plane Is defined
by foliation data (fig.10). Trends of 8% foliation also seem to bo
Indicated In fig. 10a.
This fact Is supported by the outcrop pattern (PLATE II).
When the folds are strongly developed with the obliteration of the
Li folds, the outcr0ﬁ>patte'rn has a strike which Is north-northeast
(Sub-Area II). In the area under discussion the southern portion
reveals the Lo trends while the northern part probably contains a
modified Li trend.
The last two sub-areas (III end IV) show clearly that the
foliation Is essentially of the same orientation In each sub-area.
In both artas llneatlons show a decisive spresd on a great circle
orc which is the axial plane of the folds.

Condfipeiing the axial plane control of llneatlons In flub-

areas IIT and IV, this p'9-inor1nenon (Izloulclll be explained on the grougds
to , 1.e. when llneationc arc superimpose

élolngeﬁteAd ST PP 8ris U o”on to tbe” Hna.tlon. lc the great
circle In which they lie. (This great circle is the axial plcne

of the new superposed folds

m80/it «mj .
2o

mOOlj"eni
y Ay

m("Ofztriil™* 1 _ these trends
Sub-Area V.
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~ The spread of the llneatlons Is controlled essentially by
the axial planes of the two dominant fold directions (fig. lib).
Again the folds show isoclinal characteristics (fig.11a).

The L3 llneatlons show s spread on a third great circle
(fig*lib). The maximum of this group of Illneatlons corresponds
closely with the maximum for the same llneatlons when It is super-
posed on a Li structure (fig. 2b). From the discussion on pages
6 end9 , this spread of Lt on a great circle is due to its super-
{)osition on previously existing structures. The synthesis of fig.
ie reveals that the La maxima is in fact the pole to the «Tftraoe
marked 85 thus confirming the presence of these folds.

The phenomenon of the controlled spread ?f the line itlons
on the axial p]i)anes of the two major fold sets observed in t’is
sub-area, oan be explained partly in the light of the diecue Aon on
pages 6to 9 . In the approximate Isoclinal fold where the original
structure [% is not destroj:4 the axial }flane of this fold rigidly
controls the spread of la* er superposed llneatlons, - Sub-Ares I ¢
In other eases where the Lt structure 1: dominant, the axial plane
of these folds will contain the spread of contemporaneous llneatlons
and will also contain the superpose! llneatlons which are not
sufflolently pronounced to destroy it ~overall Lg structure.

Sub-Ares Yr

This area is also extremely complex and, although further,
more detailed work is advisable, the observations made clearly
demonstrate certain relationships.

The llneatlons themselves show a very marked spread (fig.
12a, 12b). In the field it was established that Lg folded Li

(fig. 13).

From the interpretation of Sub-Area I the trend of super-
posed Lg llneatlons was established (fig. 2c). This trend repre-
sents the great circle formed by the axial plane trace of the Lg
folds. Falling on the same great circle are the maxima for Lg
lineatlons of Sub-Areas II, III and V (fig. 12b).

The spread on the llneatlons observed on the most north-
easterly exposure of banded limeetone-biotite schist In Bub-Area

only the limbs of the fold were exposed.
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4#  atruoturml Syntheele

By Integrating the Interpretations made of the llneatloe
studies desorthed above, it Is now possible to attempt a kinematic,
end possibly dynamic, analysis of the folding In the Albivohtsfcflho-
tollotfbo area. The basic assumption has Leon made that the attitude
of the beds was orlglnall? ’«orlsontal.

The first period of folding was about axes trending west-
north-west, giving rise to the almost leoollnal fold found In 8ub-
Arsa L Aaoh folds possibly existed in the other sub-areas as well.
Unfolding of the synclinal structure of Sub-Area I would bring the
foliations down to a plane which 1# practically horizontal except
for a slight tilt to the east-south-east, brought about by the
regional fold axis plunging In this direction at an angle of 16®.
This tilting of the fold axis might poatlbly be due to later

%

In order to account for the nature of tuuse folds in which
tte foliations dip fairly steeply towards the icuth-west (TO® for
the south limb and 45® for the north limb), a slight rotation of the
directive forces Is Involved which probably resulted from the
changes In the stress field due to the piling up of sediments

(fig. 15).

The second phase of folding gave rise to northerly-trending
structures vhlc plunge to the south In Sub-Area 1i W&ere the foldi
are best developed. The attitude of these folds was governed tqr the
original attitude of the beds, I.e. eastwest foliations of Sub-Area

I. This conclusion Is su}I)Ported by the fact that the
the Lp folds In Sub-Aren oorrerponds well with the n rtbemaoex

superposed Lg maximum on on [% st.uoture In Sub-Area I (fig. Ss,
fig. 40.).

xmAwimg the fabric which existed prior to Lg folding, it
eamn be established that the Ideal directive force required to

t

lg llneatlon spread.

i @
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ooneldepetlon.
wIs* mpUoeceent !+ eloeelj related In time to
the wrench ft . Pegmatites are found In thé fault some Itself.

These are possibly the result of minor Irregularities In the planar
shear surface where crushing and tenelonal openings might have
developed. Furthermore, In the bottom left hand section of PLATE II,
several pegmatites occur which have u pronounced linear trend. The
angle made between the strike of tnese pegmatites and the wrench
fault is 86° (average). This angle approximates to the accepted
30° angle made between the surface ofpshearing and the

compressive force required to produce a wrench fault (Moody and Hill
193D, Badgley 1939). Tension cracks would have developed parallel
to the main compressive force. The emplacement of these pegmatites
occurring In the south-west corner of the map area, therefore,
appears to be related to a period of compression resulting In the
wrench fault.

Having seen that only some of the pegmatites within the
area are related to wrench faulting and Its associated stress field,
there remains to be explained the mode of emplacement of other
pegmatites In the area, e.g. those bodies occurring In Sub-Area V.
Here the pegmatites show two distinct trends. One Is the northerly
trend which forms part of the large "8" - shaped pegmatite. This Is
the earns direction that the pegmatites have In the south-western part
of the map area. The second pegmatite trend Is east-west.

The * tltes occasionally .appear to be conformable to the
foliation la plan. In three dimensions, however, they out across the
foliation and generally here a steep dip, e.g. Brockmsnn's pegmatite
dips at 70° to the north.

The pegmatites show, therefore, * characteristic orientation
either north-south or east-west. This two-directional trend was also
found to be present adjacent to the Karlsbnnm wrench. It can time
he seen that two directions virtually at right angles to each other
have influenced the pegmatite emplacement over a large area. The
north-south direction [Is that of tenelonal opening as explained above
The east-west trend Is possibly explained by the existence of tension
Joints formed by the elastic release of the major compression (Os

titter, 1956).

There must have been a lapse of time between the north-
south tension joints and the east-west tension Joints. However, botn
produced semes of potential weakness with a certain amount of ten-
almmal opening which Influenced pegmatite emplacement.

" " %*
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¥ OPEE K emplaocewnl of pegMtlte mm* (gok
fiirfs5 !ri6 r* opwin«e had a rKouiaSirnvi

Thb e+etill roaalna the question of the e«e relation®* of
the wrench faulting and the three dlatlnot phaaee of folrtin*
talned In the area. The pegnatltea which are related tothe period
of wrench faulting give no evidence of having been folded, I.e. they
show no eigne of internal deformation or eataclaale. It would eeea.
therefore, that the folding took place prior to their emplacement.

The possibility that the wrench fault mechanics might have
accounted for the third period of folding (Li) also has to be con-
sidered. This period gives rise to so few llneatlone, that It is not
nearly as Intense as the two preceding periods (Li and L« and,
therefore, It might not noticeably affect, or fold the pegmatites.

Li folding may, therefore, also have been contemporaneous with
pSgnatlte emplacement.

The basis for considering a relationship between la folding
and the wrench fault Is that a re-orlentatlon of the stress field
takes place after the Initial development of fractures. After the
formation of the wrench fault, a secondary stress field would have
been established In each blook, which In turn would have given rise
to sooond order shears and folds (Hoody and Hill 1956, Badgley 1959)*
The la period of folding could be fitted Into such a pattern, but
only if numerous assumptions are made.

Tie strongest objection to this Interpretation would be
the lack of folds perpendicular to the major compressive force
producing the wrench fault. If such first order folds were not
produced, then It is difficult to imagine how the second order folds

could have formed.

The AlbrechtehShe-Kolloebo Area demonstrates clearly the
Influence of structure on pegmatite emplacement. Here pegmatites
occur In both delomltlo marbles and Khomas schists. A secretion-
diffusion origin Is unlikely for these pegmatites (see page 10). A
pegmatite magma, possibly a mobilised product of pallngenlc origin,
esplaeed In tenslonal Joints seems to suit the data most satisfac-

torily.

This Interpretation of a very small area In the Osmara-
Otavl geoeynollne has rather well documented phases of separata
deformations. The critical questions are* how large Is the time
Interval between each phase| are these separate phases part of a
single or orogeny or do they represent different periods of deferms-
tlom, and finally how does this pattern fit Into the larger framework

of the Danara-Otavl orogeny?

Martin has already commented on thi .
these separate phases to the Damara-Otavl erogenic
1961). e concluded that all the directions found In the e"e11

mtruss:

- ir» % ssss* . su*’
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V1 fol*' Miml plan., h.vs . nortlwast ¢

.' [ A
Si'aarae feiSSttray”sSs .-
regional .trees., to overcome the re.l.t¥no. of the
older baeeeent etruoturee. The mte.p dip of th. Lo
fold, le aaerlbed to et..p.nlng of th. fold ax., which
beooee more pronounced with the Increasing compression.
The present author, however, believes that the steep
axes are the result of superposed folds, the control
being merely the attitude of the foliation prior to

the Lg deformation and the orientation of the axial
plane of the second folds. Had there been no difference
In local stress In Li and Lg times, ths folds should all
have the same axial plane end within this plans the

fold axes themselves should show a variation In di

(I.e. the Li folds should vary In plunge In the axl*..
plane of the same folds.) However, two If not three
axial planar trends e n be established In this area#

a fact which can onl be reconciled with locally varying
stresses. The symmetry of the superposed Lg folds

lying in the established axial plane of these folds
where it intersects the Li foliations supports this
assumption. It Is not suggested that the overall
regional stresses ohenged radically to produce the
different fold phases In the Investigated area. A
single stress may become modified with time due to
fmotors Indicated by Martin, e.g. basement control.
Furthermore, he suggests that under conditions of high
grade metaaorphl.m and granitlsatlon deformation may
become so strong that certain larger anticlines become
dlaplre. Such a feature could very veil set up local
stresses that differ from the regional stress end thus
add another component to It, resulting In local folds
of differing trends. During the whole progression of
an orogeny %ocal modifyin %actors are to be expected
with time and these will %e reflected In the fold patterns
of the rooks If mapped In sufficient detail.

The last an? minor deformation L3 can probably be explained
by a slight dleharmonlc movement of the Incompetent
marbles and schists over the ’mglng nose of the more
competent Karlebnmn quartf _anticline. That the

latter was more competent »* proved by its nearly circu-
lar outline and its nearly symmetrical dips.

The wrench fault with Its aeeooiated tension fissures
seems to Indicate a main compressive stress acting in
a north-north-west Instead of the assumed northwest
direction. However, this fault may be a rejuvenated
pre Demers dislocation and may thus form an angle with
the Ideal direction required by the dominant regional
stresses. This interpretation Is suggested by the
existence,to the southeast of Windher, of numerous

north-south pre-Damara faults.

Finally concerning the emplacement of pegmatites Martin
suggested the following explanationl




Joints, »* veil as wrench faults.

(HI) Brooknanns. fegaatlte on Tsaoblsaund 56: fig. 17

This pegmatite occurs 1- Damara quartettes. Although
It Is a considerable distance froi, the Xarlblb pegmatites, It Is
considered to be of the same age as the latter group. The pegmatite
has an extremely rloh beryl sone in which cclumblte is also present.
LI Is Incorporated In phosphates llthlophillte which occur as H»B-
rounded masses (up to 5 feet In diameter) on the margin of the
quarts some.

The structural Investigations were restricted to a stud
of on anticline containing the pegmatite and plunging to the north-
east. Llneatlons and foliations could not be measured at regular
Intervals In the generally featureless Damarr. quartettes forming
the core of the sntlcllne. Observations of these parameters were
made In the Marble Series In which dolomltlc marbles are Intercalated
with schist bands.

The beryl-bearing pegmatite lies almost at ri%ht angles
to the anticlinal trend leading to a first assumption that It was
smplsced In tension Joints during normal folding.

In the other rock groups, viz. MaiLie and Khoaas Schist
Series, large white granite bodies, which era irregularly pegmatold,
are synteotonlo or s%ightly pre-tectcnic. Somo dyke-like godies,
cross-cutting Khoaas schists and up to several feet in thickness,
are distinct%y folded. Other elll-llke bodies which sometimes
transgress the foliation, but generally conform to the structure
of the surrounding meta-sediments, appear to be syn-tectonic.

The beryl pegmatite la mineraloglcally very different
from this earlier group of whitish granites anl pegmatites. The
oceurrenoe of pinkish-brown mluroollne Is particularly oh&r&ot*T™*",
tic of the beryl pegmatite as Is Its complex mineralogy(llthlophillte,
beryl, muscovite, oolumblte, uranium minerals). The pre- and syn-
teotonlo types are simple quartz-feldspar varieties with muscovite
and blotlte and relatively few accessories.

. The Brookmann beryl pogiatitw cross-outs the structure,
which fact supports its classification as ]&te tectonic. Again
there are no signs of internal doformatlon «o indicate that the

pegmatite has been deformed.

A plot of st*iotural data reveals the northeast plunge
of the anticline (fltie 1ADb).

scale.
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thua undoubtedly affected by the factors indicated above to account
for the north-eeaterly trend of the lineatlone.

This north-easterly trend of folding is regional, the
fold axes plunging to the northeast or the eouth-weet. which requires
a north-west or south-east stress direction. These etmeeea could

well give rise to a - o joints in brittle competent rooks such as
the quartsites.

D.

Detailed structural analysis has been undertaken with the
aim of solving the tectonic history of the AlbrechtehShe-Iolloabo
area* An analysis of this nature was considered an essential part
of determining whether there was any relationship betwen structure
and the node of emplacement of certain complex pegmatites.

Although the emplacement of the pegmatites post-dates
most of the teotonlem, certain conclusions concerning folding end
the mode of emplacement of the complex pegmatites from this area
mm be reported.

The structural studies outlined in this paper show that
In the case of superposition of folding the axial plane of the
superposed folds for the most part contains the spread of contem-
poraneously formed lineatlone when projected on to a stereographlc
net. The controlling condition is that folding la of similar tjgre
ad takes place along slip surfaces essentially parallel to the
m.imi planes of the %olds and at right angles to the compressive
stress*

The fairly uniform composition of the Li- and De-bearing
aeoatltes, and their occurrence in rock types of varying ooaoalUor

ST€

be*#* mmam yp 0f v*TJ coarse grained granite.

E . 1 1 . B 1 i i
in reaidual fractions. In the caeé o*'
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miliete the aost likely memree of LI w» »e la the
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LM source le evneetod tar Keith end Degees (19>9f9),

1 end Li are geochemical
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BPCRIPTIOM 07 THE VARIOUS
PEOIUTITEB

A. *TRTEICHT

ThlLe M otion le devoted to the recording of all field
data obtained from the Individual pegmatite bodies. A great deal
of attention was given to the textural rtlatlonshlpa of the various
rook and mineral tyfpes. The reason for this Is that the character-
istic coarse and often "giant* structure of pegmatite minerals
allows the accumulation of a wealth of diagnostic data from field
obMrvatlone alone, which would normally be Impossible without a
microscope In other rook types. Among many other imé)ortant aspects
they nay serve to elucidate mineral relationships and crystallisation
trends within theM complex bodies.

In many eases It Is difficult to establish a definite
time Mquenoe of all the units In a particular body. However, after
detailed examination of many pegmatite bodies certain trends are
repeated with such regularity that a high degwe of confidence is
Justified In synthesising all the data Into a single Idealised
model. This, therefore. Is the approach tbV. has been adopted for
the larlblb pegmatites. The next step Is to see how this Idealised
model compares with others from different parts of the world.

The lithium-bearing pegmatites of the Karlbib District
aim frequently situated within larger bodies of pegmatltlo granite
occurring as bosses, dykes, and Irregular masses. The latter consist
aaesntially of a matrix of albltc-quarts-swscovltc containing larger,
often sgiant®, erystals of gerthi‘g# or sometimes graphic granite.
The economically mineralised portions probably represent voletlle-
rich fractions froe theM masses enriched In silica, alumina, alkali
aetals. other elements such as lithium, beryllium, coluebiu*,

tantalum, bismuth, boron and phosphorous.

In this section emphasis Is placed on the economic and

B. THE RUBICOM AREA

(a) Locality

(b)

(1) structure
Tb. .r. bo.l.. eentun” -Ithln « Intrrupt.d
Bd .-
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sor * lithium and beryllium minerallastlon etretching for a total
lent of Tpproxlmately 3,200 feet In a H.V.- 6.E. direction. The
eaatwA eeotlon of this i<me la the rlcheat and haa been quarried
over * contlnuoua atrike length of 1100 feet. Here the average

thl < of the economically important aone la 100 < leo feet.
(Na»- PIJMKS V and VI).

In detail the Rubicon ore-body la eeen to have an "anti-
clinal" configuration cauaed by the upward coaleacence of lithium-
bearing sonea occurring ayaaaetrioally about tro quartaocae core aonea
(eeotlon PLATS V). The higher portion forma he main Rubicon ore
bodr. with a central quarti-rlch core aone, while the northern "limb"
wit ' le mthick quarts core, provides subsidiary ore (PLATE V).
Prom ¢ central point In the pegmatite the "anticlime™ plunges at a
low angle to the west and more steeply to the east. The dip of the

eon southern "limb" Is 65° The hanging wall ore-body beglua
with a fairly steep dip where It coalesces with the former, but
flattens with depth. This feature was particularly noticeable In

the westernmost quarry (Aow mined out and waste filled) where a huge
flat potallte aone rested on the quarts core, and Which In turn was
Itself overlain by a flat-lying beryl sons. Here the dip la
approximately 20°H.E.

(11) Zoning of the Main Ore-Bodr

1. Quter Zones adjacent to the Economically
idnerallseg Zones

The ""ly good exposure of the pegmatite contact with the
quarts-dlorltlc foot wall-rock Is along its southern margin within
the adit driven across the entire ore-body (PLATE VI). Here a

finer grained '— * - ni*

oular to the contact. This t"me 1# fv- Wwed Inwards ll)y
the wen icni, variable “n thi c»eaa tm generally QEDé/A .
S et wide, conflating of alblte. quarts’ Mmuscovite,
md fvairifi
together 1. o
seliaratlon may produce aiatinct ¢ ..own
walch garnet In particular is enriched.

‘bort* t w S *4"
Z S Z tu u-.
PN. f71>
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Lars# Inwguiar m»mem of banded alblte-rleh rook within
this tone cannot be regarded am forming a distinct separate son#
since they are Intermittent and the banding Is often at a lares *
angle to the pegmatite contact. Thin layers, generally not exceed-
ing V* Inch of quarts and muscovite, the latter sometimes replaced
by blotlte or blue tourmaline, are eeparted by wider layers of
sugary alblte. Their presence poses a problem. Are they fragments
of early crystallised material scattered within the pegmatite magma,
or were tuey formed by replacement within the alblte-perthlte-quarte-
nusoovlte some? Alternatively, were locally varying physico-chemical
factors within the crystallising sons responsible, e.g. sudden local
release of pressure with consequent rapid crystallisation?

Certain variations in this sons are not recorded on the
map (FLAT! V). At the eastern end of the pegmatite, for example,
local patches of quarts-musoovlte or quarts-alblte rook, are
developed adjacent to the economic tones.

2. Perthlte Zone

On the hanging wall side of the economically mineralised
some In the eastern part of the pegmatite there is a unit of pure
coarse perthlte with individual crystals measuring 10 x 4 feet.
Eastwards and westwards these crystals come to lie in an alblte-
quarts-musoovlte matrix and the rook becomes identical with that
already described.

3. Beryl Zone

In general, this occurs as a distinct unit at the contact
between the lithium ore sones and enclosing alblte-perthlte-quarts-
musoovlte rook (PLATE V). It is best developed along the southern
footwall margin of the lepldollte-bearlng sones where ~J)aa
average thickness of 7 feet. The western half of the beryl footwall
sons Is apparently richer in beryl than the eastern. The uppermost
hangingwall beryl sone has an average thickness of only 4 feet and
is economically less important than the footwall sone.

WHEH 8xXaYaihed iw detail the comparatively Wrmw beryl

diagnostic criterion to this sone.

and mleeowlte.



In the beryl sone Itself oleevelandlte dominates over all
other constituents, feisoovlte, also a major constituent, has a
propensity for forming renlforo nests, mostly * 1 foot in diameter,
which frequently develop radiating spines, approximately 3 -5
Inches In length. These spines project Into the surrounding rook,
mainly olemvelandlte, and frequently have their tips made up of
clnk lepldollte. Quarts is a subordinate constituent, generally
occurring Intergrown with muscovite.

Beryl, the main economic mineral of this sone, occurs In
crystals generally 3-18 Inches In diameter, though Ifigthe of up
to 30 Inches have been observed. The colour Is variable, being
cither pink, orange or green. Often only sparsely distributed,
locally large enriched pockets are developed. The crystal else
aojeare to Increase Inwards towards the Ilithium-rich sense. In
general the beryl tends to develop good crystal facem. K basal tyne
of fracturing Is sometimes found In which the fracture are "healed
by alblte.

With the approach of the llthlun-rloh sonee the mineral
associations become complex. Thus, beryl has been found entirely
surrounded by lepldollte-alblte rook close to the contact. This
suggests that the lepldollte-alblte rook may have a replacement
relationship to other minerals of the beryl sone. Petallte logs,
sparsely scattered along the southern contact of the lepldollte

minerals).

4. Or* Zones

» . W S
differences In the sonee so that they are

(a) Petallte ZOO#
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alteration la apparent. A druay rug within the petallte sone.
expoaed In underground workings, was surrounded gy a pink olay
mineral (hectorlte), paeudonorphlo alter petallte, whilnh strongly
suggests that the alteration la hydrothermal and not due to
weatherL"S$.

8ugaz’r alblte and lepldollte are frequently encounterede

They may ooour Independently or together, but Invariably both
reveal the same textural relationships to petallte. They may form
the matrix of petallte crystals or take the form of pinching and
swelling veins. The latter are dominantly parallel to the sain
Kallte cleavage, but here and there they are also eross-outtlng.

ee relationship* Indicate that part of the alblte and lepldollte
must certainly have crystallised after petallte. Quarts is
subordinate In this assemblage. Aablygonlta la an accessory,
occurring as rounded masses, generally less than 18 Inches in
diameter. Columblta-tantallte also occurs in minor amounts. A
crystal 3 x 2 Inches has been observed In situ within petallte.

Petallte la also found In the footwall of the lepldollte
sone where it developee as a discontinuous unit (PLATE VI). The
adjacent lepldolltp-alblte pha e shows very clear corrosive contacts
with the petallte, a fact Ail : makes It desirable to know
qualitatively how much lepldollite might have been derived from the
replacement of petallte. This feature Is particularly strikin
where lepldollte-alblte entirely surrounds the petallte and wl%ere
veins of the former penetrate the latter. Velning tends to be
cleavage controlled, but In detail the Individual veins var
greatly In width and shape and Invariably can be traced back to

their source In the matrix.

(b) Lepldollte Zone

The maps (PLATE V and VI) show differentiation of the
Lepldollte-bearlng unit Into two sones. That im w caiacery adjacent
10 the quartaoee core Is of very much higher grade end has yielded
Iarﬁe quantities of usable ore, while the outer, underiying sone 1
muoh more diluted with admixed minerals, mainly alblte. There is
nob variation

llljlzi.lteelsepfr?atﬁémﬁ)itgh-gradeAn’\tAm exist all t"sitlg . to

rook in the low-grade sone oomposed mostlv of sugary alblte
y minor amounts of lepldollte.
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feature 15 the presence of rounded eleta

appear*ee t

flne-aralm d _ehareeter, auet have elanlflcanoe. Are they a
result ofpa 1juS4*o releaae of preeeuret They could have been
leclated spota la the oryetalliaing avah « 1. . cidden pressure
reUeeo coablaecd with avmareceturatloB of p
and almost in situ. eulp

as scattered Irregular masses up to 1- 2 feet In else. OleaveUndlte
Is frequent along the margins of such quarts bodies, sometimes
associated with crystals of white beryl ( 1 -2 ineh disaster), blue
**%: snvor amblygonlte. Aablygonlte is scattered throughout
the lepldollte some, but In smaller amounts then In the petallte some.
Zt oooure In oval bodies up to 2- 3 feet inlength end 13 inches
vide. One pooket found near the base of the low-grade lepldollte
mone yielded 5-6 tone of amblygonlte.

The mineral association of the lepldollte son*, therefore.
Is lepldollte-alblte-quarts-aablygonlte-retallte. The latter may be
residual from a replaced petallte sone.

5.  The Core gone

Only In the northern subsidiary hangingwall ore-body Is the
sore sone developed as pure mesalve quartst. In the m southern
sre-body the predominating quarts is mixed with lesser amounts of
lepldollte, albite, petallte and amblygonlte. A little white beryl
has also been observed. The purer albite aggregates are oleavelendlte.

The complexity of this sone can be ascribed to a mixing of
the final quarts fraction with the adjacent lepldollte-alblte en
petallte-rloh sones. In the Rubicon pegmatite the final highly
siliceous fluid was apparently less voluminous than In many other
pegmatites of this region, or, owing to Its great else, more widely

, therefore, more diffusely distributed.

(c) The Hangingwall Pre-Body

For the structural position of this subsidiary northern
one-body reference should be made to the initial account and to
FLAT* V. Its mineral soning is essentially a replica of the main
ore-body, except for the development of a allky-whlte pure quarts core.
As exposed In the workings, the thickness of the latter varies from a

fow to twenty feet.
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Its rsrlotu oxidation products, Im found close to the ouerts-oetallte
contact. The llthlun-bearlng zone underlying the quarts core
consists of massive petalite only In a few limited exposures la

tbs western part of the mineralised area; elsewhere it Is rep:*seated
mainly fcy lepldollte-alblte rook, locally also containing petalite.
The ratio of lepldollte to alblte Is very variable; in general,

the latter Is more abundant than In the main ore-body.

Locally the quarts-core and ore zones aay pinch out
together or Independently, so that the upper petalite may corns to
rest directly on the lower lepldollte-alg{)te rook. Along the contact
of the petalyite zone with the overlying albite-p-rthite-quarts-
auscovlte zone, beryl is found locally (PLATE V). In the western-
most quarry, beryl was enriched and an economic zone similar to
that of the footwall beryl zone of the main ore-body was developed,
the mineral assemblage being oleavelandlte-musoovlite-quartz-beryl.
At some localities, beryl has been found at the footwall contact
of the lepldollte-alblte and the alblte-perthlte-quar i-muscovite
pegmatite zones (PLATE V). At one place In the "crest* of the
anticline, where this footwall beryl zone swings sharply over In the
core of the structure near the centre of the pegmatite, beryl wee
verv much enriched (PLATE Vi - extreme western beryl zone shown on
mspl.

(d) Other Ore-Bodies
(1) Rubicon Vest Ores

1. General StaWsent

Imediately west of the main Rubicon ore-body there occurs

Its margins for beryl and Is called the C-ore.

2. The B-Oet
The pegmatite consists of three basic units:

(a) An outer zone of albite-perthite-
quartz-muscovite.

E ;rSEisrsf..«n

os the main beryl zone sod welgneo

« . .b.11 “> 7 "trel '

32/.00



- 2f havin? be, 1 1. 1 Im d1U foSSTiS
ilhlb‘bli@llhﬁ'fé awunte. THeSR eﬁ)géelHyorgg?’eeea%t cofonmte of the

outer gremlitio sone Which have survived rvelaoeeeaV metion to varr-
lag desgreese #

Ibe core sone Is of variable thickness, averaging 6-15
feet end locally swelling out to 30 feet. Dips of 500-%O%i. have
been measured, but at some localities a distinct flattening In
depth to the north seems Indicated, (e.g. the easternmost workings
show Irrefutable evidence of a relative%y shallow dip of the core
sone to the north.)

Lithium minerals are characteristic of this unit but tend
to have a rather randon distribution. The major components are
I1thla -micas, albite, petallte, amblygonlte and quarts.

The Ilthla -micas are represented by mauve lepldollite Md
a grey massive lithium-bearing mica. Relatively pure masses are
mixed with varieties In which sugary alblte and quarts are the
major dilutants. This mixing may be essentially even, or else
veins and bands enriched In alblte are present.

Petallte, which Is often pinkish In colour due to the
presence of hectorlte, generally has a random distribution. In
some places, however, where the ore sone swells out to form a larger
body, petallte has been observed to distribute Itself along the
outer margins of the core sone. The petallte crystals are generally
a few feet In their maximum dimension.

Amblygonlte Is scattered throughout the economically
important sone. It may either be found In association with
petallte or else together with the lepldollte-alblte rook.

Quarts Is scattered throughout the sone, often forming
scattered lenses which may reach several feet in else.

In general, therefore, this pegmatite sone shows a
striking similarity to the main Rubicon ore-bodye The obvious
difference Is the non-fractionated nature of the core-sone.

3. The C-Ore

Due to the limited amount of opening up on this ore-body
only an Ideall*'” emotion of the soning will be given below.

- 10 ‘v, Coarse grained pegmatltlc
granite consisting of perthlte,
alblte, quarts, muscovite and

garnet.

10 - 18 ft. lAieoovlte-quarte-alblte rook
with minor amounts of perthlte.
The muscovite occurs as largish

Outer sone:

may locally be so abundant that
1t dominates over the other

minerals.
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18 - 40 ft. A mon¥# of alblte-perthlte-qusrtm -
mucoovlte. Th« p«rthlt# often
d&mplaja a graphic gran<tie
texture, ang tl?e Individual
oryatalm may be aeveral feet In
alte. Theme larger oryatalm lie
In a matrix of alblte-quarts *d
muceoTlte emeentlally similar to
the son# l?ring adjacent to the
economically mineralised tones
In the main Rubicon ore and the
B-ore. A systematic Intergrowth
of quarts and muscovite Is also
present, where quarts occurs as
narrow parallel oriented rods In
the muscovite, simulating the
fraphlo-granlte texture.

40 - 55 ft. This Is a son# made up of block]
perthite crystals lying in large
masses of milky quarts. The
feldspar crystals are up to
6 x 2 feet In else and are
generally euhedral In shape. It
1s not possible to separate the
son# into a blocky perthite some
and a quarts-core, as the perthite
crystals are scattered throughout
the quarts. Beryl Is ocoaefe sally
developed In this son# particu-
larly close to the margins of
purer, and larger quarts concen-
trations. Llthlophlllte a found
In a similar milieu. This
mineral alters to a structureless
Mn-Pe-rloh wad which In turn
alters to smaller masses of
purpurlte ( fIg. 22).

(11) The D-Qre

-7 0 s.t.nw S W h 'd
the north.

alblte-quarts-muaoovlte.

$S-SS.:: mK-A-MLrs.Sr&srsis,
the lepidollte rich bodies.
(o iiy e

distingt -—-------—— Lepldollte
llthlum -rleh mica.

(e) of Zonal 3tMCtUCT



<1) outer pegmatite soaet alblte-perthlto-
querts-eueeovlte. Xaeentiali w
eoeree greloed granite.

9

(U) beryl sonet elearelendlte-eueeovlite-
quarts-beryl-frondellte-ooluablte.

(I11) lithium ore soneei in the hangingvall,
?etallte-rlehi in the footwall,
epldollte-rleh.

(IT) quarti-rioh core tone.

The reason for the virtual restriction of massive petelite
to the hanglngwall and lepldollte to the footwall of the core some
is not elear, unless it is assumed that petallte crystallised first
sad the volatlles oolleeted in the residual system until conditions
were reached when hydrous silicates crystallised to some extent
re{)lacing petallte. This residual system was probably trapped
below the petallte some (e.g. "hooded" tone of the Perth American
investigators). Helicon II, described on page39 . shows a similar
feature. Here the core some at one locality consists of massive
petallte followed down dip by a lepldollte-rleh tone.

0. TBL Am

(s) general atatement

Two large pegmatite dykes occur in this area idioh is
located 13 miles east-south-east of larlblb on the northeastern
comer of the farm Okangava Ost (Geological Map PLATE I). Ibeee
two bodies, Helicon I end II, are described separately starting with
the southern pegmatite Helicon I.

(b) Helicon 1

(1) Structure

The ore body has a simple structure ooneletlng of eo

% l *
toe present level of erosion.

(11) Zonlne of Ore-bodl

IB described from outer aone. inwards towards the
quarts core (see PLATE VII).

D.t. fro. tol. mow not B*th*r.a fro. MMUHM.
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outcrop## but from various cutting# and prospect pits scattered
about the main quarry. An underground adit suggests that It can
be recorded ae a single unit, but showing Irregular small-scale
variations.

The essential rook-type Is alblte-quarts-muscovlite. Alblte
la very commonly of cleaveland{)tlc type which tends to occur
Independently, while quarts and muscovite are Intimately associated.
Locall quarts-mu#eovqhe Intergrowths reveal a characteristic
"conglomeratic" type of texture, with f - 1" rounded quarts nodules
lying In a flner-gralned matrix of muscovite and quarts. Ouch
mBSSM reach several feet In else, but arc not common. Hear the
mineralised some rounded aggregates (1-3 feet In diameter) rich
in muscovite maﬁr be developed. These have a core of stellate and
sheet mica, with subordinate quarts surrounded by a cone of
eleavelandlte, several Inches In thickness. The muscovite of the
core often projects Into the eleavelandlte. The latter, In turn.
Is surrounded by muscovite-quarts aggregates. Such "rosette"
structures are similar to those described from Rubicon where the
nucleus, however, Is perthlte. In both pegmatites these textures
sim developed olose to tbs edge of the lithium-bearing sons. Lobate
and aro-llke masses of quarts and muscovite, concentrated Into
distinct bands, are found In the same position. The muscovite Is
frequently stained black by oxidation of a manganese-bearing mineral,
such as fronds1lte which has not as yet been found In situ.
Only once was perthlte found In situ, In the form of

crystals 1 -2 feet long and occurring as ephenoorysts In a flner-

(1/4 - 3/4 inch average grain else) matrix of alblte-quarte-
maeoovite. More numerous fragments, however, were seen on dumps
»rl«a fro. th. Ublt.:quart.:«.=0TIt.

m m m

an alblte matrix.

2. Aptciniite Zone
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Ih* exact contact of this lone with the quarts core la
virtually lapoealble to deplot on a map, large rounded aaceee of
P «d purple llttala -mica Lying marginally In the quarts core
is Irregular blob#. The latter are Invariably bordered by a 1 - 3
Set rim of oleavelandlte vhloh also veins and breoclatee the
lepldollte masaes. Beryl Is Intimately associated with this cleave-
landIte. The contact of the lepldollte sone and the alblte-quarts-
asaeovlite-(perthUe) unit la leee Irregular, but also transitional
ever a distance of 1 - 2 feet.

In detail, the sone Is highly complex, due to variations In
the relative progortions of lepldoﬁte, sugary alblte and quarts.
Roek-tvpes vary from unusually Eure massive, very fine-grained
lepldollite to sugary alblte with only sparsely distributed lepldollte
flakes. High-grade ore occurs In massive lenses and more Irregular
blocks up to several feet In diameter. These are surrounded by and
veined by sugary alblte with varying amounts of lepldollte (fig.23).
8ugsi7 alblte becomes less Important towards the quarts core where
cleavelandlIte Is the common type. The latter may also occur away from
the core but lo then also generally associated with quarts.

Quarts Is either developed as evenly disseminated grains In
the different rook-types or as larger segregated masses, which are
Irregular In shape and may vary In else from a few inches to several
feet. Suchquarts masses are not common, but show some very Interest-
ing mineral associationst

(1) eolunblte-tentallte In crystals up to 3
Inches In dimen#ion.

(11) whitish beryl crystals, generally small end
never much greater than 5 Inches In diameter.

(Ill) lumps of amblygonlte generally 2 -4 Inches
In else, but sometimes larger.

(tv) blue and pink tourmaline generally 1/4 - i Inch
In diameter and of variable length.

Almost invariably these minerals are found at
of quarts bodies, usually together with oleavelandite. Thle feature

conforms with the overall pattern of pegmafiite

M o
Pre-existing unknown phase.
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tlblte which completely surrounds thej.

Some of the structures ere highly confusing (figs.24 end
25). The unduletlng vein of lepldollte, with subordlnete quarts and
alblte, lying In en elblte-rlch rock with scattered Irregular masses
of greater lepldollte concentration (fig.24) may be later #Vw the
alblte, Rounded Involute and convolute structures (fig. 25) suggest
some form of rotation and distortion of plastic material during the
(ﬁod preceding complete consolidation of the lepldollte sone.
again the relatively late age of sugary alblte Is quite clear
from the velnlng end breeclatlon of the lepldolUe-rlob masses.

In the eastern part of the pegmatite the lepldollte ore
becomes noticeably albltte. Sugary alb%te, weakly speckled with
lepldollite flakes, eventually dominates. Streaks, bands, and lumps
of lepldollte-rlch rook progressively decrease In abundance. Blobs
of quarta-oleavelandlte continue to be present In the alol+e-rloh
rook.

Regarding mineral sequence It would appear that In the
ithythmlcally banded and even-textured rocks, containing both
eo”enents, lepldollte and alblte are contemporaneous. In Isolated
Instances, e.g. the vein of fig. 24, lepldollte may be later. Ait
far more commonly, alblte Is later, as shown by the frequent
exposures In which alblte definitely crosscuts, breeolatee and
corrodes the lepldollte-rlch masses. On a small scale, this Is
demonstrated by veins of alblte traversing lepldollite. On a larger
scale, the whole lepldollte ore may appear as a brecclated rook In
which purer lepldollte masses lie In alblte. The contactm between
tbs rook-types fary from sharp to transitional. It should be
mentioned tEat a small local patch of petallte was encountered In

this sone during mining operations.

3. Footwall Beryl Zone

Beryl Is found on the footwall (south) side of the quarts

core. It Is generally of whitish colour and associated with
cleavelandlte. The lepldollte ore changes in nature close to the

wrfcs core, as already deserii 1, large masses UP

@isaster by 5 - 8 inché$ in length, are more ®mmon.

S3dolite.

4. Han”Niruxwall 1linerail?
or.rljlng th. .ore th.r. o.our. «
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vhi°h 11 «o» <up

Mb:jgonlte sone on the core mantln
followed downwards by:

a "barren sone" passing in depth into:

» beryl-columbite sone.

Lying on_the core margin, at the same elevation as the
sablygonlte "sone, is a pollueltr milt.

Amblygonlte Zone

This sone had virtually been mined out at the time the
pegmatite was mapped. Only at one locality was there still ore in
situ. Various indications of the characteristics of the mineralisa-
tion could be gained from the sidewalls of the workings.

The amblygonlte is vjsoclated with quarts, sugary alblte,
cleavelandlte and Iepldollte. The sone extends over a horlsontal
distance of 500 - 600 feet. Near surface it is 7 - 8 feet wide, but
thins in depth before becoming barren. It has been mined to depths
of 30 - 50 fee . The lower limit is almost horlsontal in the east,
but from the centre westwards there is a tendency for the ore to
lunge to the west. On the southern side of the amblygonlte sone
arge rounded and lens-like lumps of amblygonlte were found embedded
in the margin of the quarts core. The else of individuals varied fro
6 -9 inches to 5 feet In diameter.

The main constituents of this som are sugary alblte,
cleavelandlte and quarts, the distribution of which is Irregular and
complex. Sugary alblte may occur in large masses continuous over
tens of feet; elsewhere only in small isolated patches. It mostly
has t. pale pink colour due to small amounts of evenly dispersed
lepldollte. Less often, lepldolice is concentrated into nests
several inches in else. Quarts is present in small amounts and
invariably associates itself with the lepldollte. The cleavelandlte
is mostly found adjacent to the quarts in the overlapping alblte-
quarts-mueoovlte rock from which it persists down#arde into the
enblygonlte-bearlng sone, where it is comsronly associated with quarts
Cleavelandlte has a "conglomeratic " texture with rounded quarts
blobs (1/4 - 3/4 inch average else) lying in a cleavelandite matrix.
It is 1"wsslble to state with certainty which of the constituent
minerals are Inherent to this *one and which might have formed oy

later replacement.

Coliuwblte and beryl may appear on the core margin of this
sone, but are uncommon constituents.

Pnilucite Zone

B F F
Pldollte and a clay mineral (Nel, 19%*%*/e
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MfUMio* would bo amblygonlto, polluolte, lopidolito, alblte.

Barron Zona

For 10 - 30 foot further down dip, this tone, 5-10 foot
wide, la barren. Urgo maaeee of augarr alblte, Identical in mode
of oceurrence with that higher up, continue and contain Irregularly
eeattered email bodlee of quarta up to several Inohea In diameter/
The moa common rook type developed la the "conglomeratic"
oleavelandlte-quarta mixture already deaorlbed. Muaoovlte la alee
preaeut, frequently ae a matrix to rounded quarta bloba. The main
mlnerala are, therefore, alblte (mainly oleavelandlte), quarta and
muaoovlte. Again augary alblte (epeekled with lepldollte) may be
of later age than the normal alblte-quarte-muacovlite rook.

Boryl-Coluablto-Tantalito Zone

Down dip, below the barren tone, a epectacular enrichment
of beryl and ooluoblte la fcund. The zone la approximately 15 Inohea
thick and Ilea directly on the quarts core contact. In moat caaee,
both mlnerala are found in quartz on the oleavelandlte-quarta core
border. The relative proportion of the two mlnerala varlee from
place to plaee. The oolumblte oryetale reach alley of 6 - B Inohea
in diameter. The beryl cryatala are ooetly of the eame order of
magnitude, but aome are even larger. The felapar. Intimately asso-
ciated with the beryl and oolumblte-tantallte, la oleavelandlte. In
the hanglngwall of the aone a augary alblte la found similar to that
higher up In this aone. Ae a whole the zone la aomewhat erratic,
pinching out and awelling. Locally It la extremely rich.

(I11) Summary

The Helicon I pegmatite ahowe eeveral Intereating featuree.
Beryl la found directly In the core margin and not further out at
the outer contact of the lithium-boarlng unite, ae at Rubicon.
Although 1lthlum-bear"ng mlnerala tend to be symmetrically dlapoaed
about the quartz core, this zoning becomes more complex In depth,

far.

(o) Billoon II

(1) Structure
Th. form. . ions p.r.l.t.nt .trlklIns



Ths epparent apophyeal portion of the pegmatite which le
obaarved In Ita central part (PLATE VIII) le due tolte flattleh
dip at this locality

Sue to Ita great len%th and complex, variable nature, the
pegmatite dyke has been aubdlrlded Into aeveral aeotlona deaorlbed
eeparately, over whloh exposures are fairly continuous ar* allow
ayeteeatlo mappln*.

(11) PtacrlPtlon of the Peamatlte

I. flactlon I (laat)

Two main aonea can be dlatlngulahed In this area. I.e. am
outer ore of plagloclaae-quarta-muaeo?!te and an inner central cere
acne of lithium minerals and quarts.

(a) Alblte-Quarta-Muaccvlte Zone

The contact with the surrounding marble la generally
highly weathered and reveals the presence of clay minerals. However,
It would appear that the contact la rather ahai'p and the only visible
effect of wal rock alteration,la the development ofakarnrock,rich

la tremollte The aone ofalteration laapproximately 9Ins. to 1
ft. In width. This eastern terminal portion of the pegmatitela
rather narrow  with an average width, where exposed, of 2 - 5ft.

The major constituents of this outer aone are alblte,
quarts and muscovite with greenish beryl and schorl tourmaline as
aceeeeorlee. A coarsening In the else of muscovite crystals towards
the eore aone la evident (3 -4 ins. diameter In contrast tol - If

lee.). iM dlately adjacent to this sone "u»eovlte fommonlyforme
larger renlform masses with narrow spines of lepldollte radiating
out from the latter core-wards. Alblte also shows th

SSTLI I

width) of oolumblte are often developed.

(b) Core Zone

is essentially vertical.

1"doU teM IW teTACutr”*'T iSwygSitA Sd'beryl.



* end alblt*,
above the
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As the centre of “he core tone le epproeeched, lepldollte

id elbite w e In leporwonoe until petellt# le no longer present
10¥1 execlned In detail, the lepldolite-alblte eone varies consider-
sblj. Purer lepldollte masses lie In varieties mixed with vi 1
'mounte of sugary alblte. Banded types are locally present;
lepldollte-rloh layers alternating with alblte-rloh layers. The
bended type often displays folded and arcuate structures, other
vsrletles consist of purer lepldollte ores which are veined by
elbite, the Individual veins having en Irregular distribution.
Nettling in lepldollte masses Is caused by the presence of f - 1 In.
concentrations of alblte, which are often lens-shaped or stellate.

Quarts occurs In this eone either as evenly distributed
grains in the lepldolite-alblte rooks or elso as larger segregated
Easses attaining elsee of several feet. Topas, beryl and anblygonlte
ave a tendency to occur at the margins of fhea* quarts bodies, where
they are associated with cleavelandlte. The average grain else of
these accessory constituents Is 1/4 - 3 Ins. In diameter.

2. Section II

In this area quarts Is more abundant, occurring as two
distinct blows within lepldolite-alblte rook to form a central core
sens surrounded by en outer aggregate of alblte-quarts-sueeovlte
idileh extends to the pegmatite-marble contact. The latter, however,

Is not well exposed in this section.
(a) Alblte-Quartb-Musoovlte
The average else of the Individual minerals In the outer

some Is | - 1 Ins. In diameter. While quarts and muscovite are
found in close association (grelsen) alblte Is spread more

*gain characteristic textures adjacent to the core son .

(b) Core Zone

m variable character.
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On the earglns of the eeetem

end T,r7Ing «*OQU't]l «"SSId.UU. % rt.

The quarries within this sone reveal textures useful in
Interpreting the crystallisation history. Close examination of
thodpursr lepldollite masses (fig.27) reweals that they are often
bordered hy rims, of variable thickness, of less Eure lepldollte
impregnated by alblte. These masses together with others showing
wring degrees of alblte admixture lie In a matrix rich In m
alblte. The latter often contains bands enriched In lepldollte
idilch frequently exhibit contortions (fig. 27). These features
ernggoet that In the final stages of crystallisation larger masses
of already 1partially consolidated lepldollte were surrounded by
am alblte-rloh residual phase. The latter must have been able to
permeate and break up larger lepldollte masses In part redistributing
possibly even redlasolving lepldollte within the residual aiblte

se, which on reorystalllsatlon then gave rise to a rock In which

dollte was more evenly disseminated. Undigested fragments of
lepldolite rook are still clearly dlecemable, while partial diges-
tion or a high degree of permeation gave rise to the diffuse
Irregular masses and bands. The frequent contortion of the latter
Indicates that movement must have taken place In a semi-consolidated
otate. Locally within this variegated rook sequence are found
fowled aggregates of aloroorystalllne alblte V* - 1/2 Ins. In
Hamster. These are Identical In character to those found at
tabloon within the lepldolite-alblte rooks and whose possible mode
of origin has already been referred to.

On the quarts-oore margins, large bodies of massive purple
or grey lithium -bearlng mica occur. These are commonly associated
mitn, and frequently veined by cleavelandlte (fig. 28). Upeokllng
by alblte, often as stellate masses, Is also found. These features
mgain suggest that alblte is later than the lepldollte. Feryl in
otystaZs varying from 3 -5 Ins. In diameter have been found In

moaoelatlon with this cleavelandlte.

A t th t b 1 “ oA 5<9rtST %*
fsnsss are” focal(y devefoped 1h"Hhe lepTadiie Sivtie Sane! Hopas,

beryl and oolumblte are often associated with these, usual y
mooonpenled by cleavelandlte.

3. Section 111

In thl. ..ctlon th. following .on., cm b. ai.tlnwil.nm
the pegmatite contacts inwardst
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(a) alblte-quarts-aueoovlte
llthlua-bearlng ore lone

core margin mineralisation

(d) quartz core.

(a) i bit>-martz-t;u»ooTlte

?blm rook reveal# similar features to those found elee-
i ere U the pegmatite. It consists of rather even grained rook,
1 1vldual minerals being 1/4 - 3/4 Ins. In diameter. As usual,
M id mueoovlte reveal a tendency to oeeur together (greleen)
ei$h minor aseunte of alblte, While alblte Itself is found indepen-
Amrtly er aeeoolated with quarts.

Adjacent to the lithium bearing zone, or when this Is
stoat'the quarts core, rounded nests of muscovite wlch radiating
Snee of lepldollte are again found In a cleavelsndlte rich mat In.

sAdth of this cleavelandlte rich unit Is 6 - 10 Ins, at one
loM l1lty.

(b) LI1libl s-bearlng Ore Zone

Petallte once more makes Its appearance In this section,
(semiring as a na.row 2 -3 ft. wide and 10 ft. long lens lying
edjBM A to the quarts core (not shown on map). It Is surrounded
y lofddollte and alblte.

Massive grey lithium-bearing mica occurs adjacent to the
uarts sore while purple lepldollte becomes more dominant sway free
the latter. As usual Doth types are associated with sugary ub te,
Llher la the form of an even textured mixture of thm twc ler »
h lag proportions or differentiated Into banns. * tbs i tUU vy
«f the q rts-eore* velnlng and breoolatlon by cleavelsndlte beooi

. %uar_ts Is present In the form of
Its distribution, however, is erratic. Locally

developed %ua.rts
Ismses are usually surrounded by cleavelandlte hioh may contain
ts*TIl esyet Is 3/4 - 5 Ins. In diameter.
(e) Core *Imln Mineralization
2 fA ee.

developed.

(d) am fts cope

This consists of massive milky idilte quarts.

4. StfftIQB. IV

S I}Jewing zones are distinguishable.

#4/...
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(b) beryl-bearing zone
(e) lepldollte-alblte zone
(d) petallte zone

(e) quartz core.

(a) "iMte-Quartz-Muzoovlte-Perthlte

This make# up the outermost shell of the pegmatite and
consists of sn alblte-quartz-ousooTlte rook In which are scattered
rare crystals of flesh coloured perthlte. The latter are up to
1-2ft. In length. An Interesting texture Is developed by
syeleeeAlc feather-like Intergrowths of saisoovilte and quartz. These
have been described recently by Orville (1960).

A beaded rock type Is locally developed In which coarser
| Ins. bands of alblte-quartz-muscovite are separated bj a fine-
grained (V-6 - 1/8 Ins.) alblte -quartz rook. Bluish green beryl
eryctals (1 -2 Ins. diameter) are scattered throughout the former
phase. The relationship of this banded rock ty]};e to the overall
epntlte pattern could not be clearly established. It Is suggestive,
owever, tbit It occurs fairly close to the quarts core (1-2 ft.)
## nay, thsrefore, have resulted from a metasomatism of the ordinary
alblte qnirH imisnnrltir rook by a later phase,rich in alblte”to give
rise to the bands of sugary alblte.

(b) Bvryl-bearing Zone

The beryl zone surrounds the inner llthlum-bearlng units
md quarts core In a fairly uniform, 1 - 3 ft. wide, shell. It Is
essentially composed of cleavelandlte, throughout which beryl, white
and pinkish In colour Is scattered as subuedral or sitvedral crystals
upto 1 ft. In length and 3 - 6 ins. In diameter. These crystals
nay project Into adjacent zones.

A very striking feature already mentioned from previous
si aw is the abundant development of renlfom nests, 6 -9 Inches
In Aaneter of concentric flakes of muscovite attached to the inner
serein of the outer alblte-quartz-muscovlite zone

together with radial, narrow tapering spines of J®Il  .up t0 O
ins. in length into the surrounding oleavelandlte (rig.29/.

This zone marks the transition from the outer "granitic

B S i p W
nstil the very last stage (quartz core).

lIcomponents now being effective.

4V -



(e) L»Pldollt«-*1blt. Zone

mWOi* Mw ?onefluslon that the outer pegmatite phase IslaR ler to
I pstallltatlon aequence. r ™

As eleewhere the composition of this sons Is extzmmsly
soaplez when examined In detail. Both grey and purple llthla-eleae
oeeur» mixed with alblte In varying proportions. Banding due to
altermatlng purple and grey types Is developed In places. Banding
ae alee be caused by alblte-rich layers alternating with lepldol te-

ilayers. Viewed as a whole the lepldolite-alblte unit oonslsti
" massive purer lepldollte bodies lying In a sugary alblte matrix
v varying amounts of lepldollte.

o Locally quarts occurs evenly scatteredIn the varying rock
tyi is as emalllah /16 - f Ins. grains.

As In section III there Is a decided tendency for the
assalve grey llthla-mlIca, bordered and veined by oleavelandlte, to
eei BP adjacent to the quarts core, while the purple variety dominates
Ihrther away from the latter.

(d) getallte Zone

This sons shown In PLATE VIII Is relatively narrow being
175 ft. long and up to 8 ft. wide. The major constituents are
p illte, quarts, amblygonlte while fine grained lepldollte end
IT ,t« are subordinate. Petelite occurs as logs of varying else up
te 1 ft. In length and 18 Ins. In width. Quarts occurs Interetlelallj
hats si the petelite and Is locally accompanied by rounded
sgbXygcenlte godies. The latter vary In else,the largest massbeing

1$ Ins. In diameter.

Lepldollte-alblte, sometimes associated with quarts, also
tends to occur Interetlolally between larger petallte orystalsi
mnillmsa this aggregate also veins the latter as already describe#

hren Bublson.

(°) Cons
This Is made up of milky white quartz.

5« Section V

gy”». . . .
enly certain generalisation can be made.

aggregates within the latter.
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the outer pegwilie zone Ss not w 1l enouah ezDo”n

peiel* eyeteeetlo observation. It appears to oonsint of alblte-
ggegrls-ausoovlte rook. Dl6e

6. aeoUon VI (Weat)

Ae In the eastern termination of this long pegmatite so
alee in the waters the nature of the zoning differs somewhat froa
the pattern found In the central aeotlon. The vertically dl Einl%
sere of the pegmatite here oonalata eeeentlally of petallte vhlo
rerm* ¢ solpping aud Is followed vertically downwards by e reek rleh
talpHldolite. Surrounding the petallte portion of the vertiaaliw
fiaHIlwaVvd SOre-sone is a narrow ahell rich in quarts, but also

petallte, amblygonlte and alblte. Forming the outermost
ill of Che pegmatite la the normal alblte-perthlte-quartz-mueoomlSe

The following zones, therefore, may be dletlngulehedi-
(a) Alblte-perthlte-quartz-mueoovlte
(b) Narrow quarts rich transition some

(o) Llthlum-bearlng core zones - (1) %e@allte
nit
(S) LeplAo&fite
Unit

») Alblte-Perthlte-Quartz-Muscovlte

Two exposures In this section allowed study of the contest
imlatlomahlps. Some four feet from the contact the oountr] rock Is
i mrafish dolomite with flattlah nests of tremolite, the latter

Ui te the main foliation plane. Adjacent to the pegmatite the
mme eeeasei a banded character, white layers alternating with
grW layers. There Is no apparent change in thi miners ogy of i ie

itl £ bleaching of bands being the only visible change. Thr

I A1 itact Is mostly marked by a solution fissure 6 - 9 Ins.

th, fJ led with rubble and sand. Where observable My wntast
momalsts of massive dull pale-green serpentinoue m ten

m m e m

— «#W sparingly throughout the zone.

[
~y o~ 11£§S1M - ic ceu,'d (Ti
Quarts and muscovite concentrating Into
distinct layers.

tourmaline.

47/ eme
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e SIS'JUSSS S:,; SSts.'ssz
Vhlle ordinary alblte predominates In the eaat.m

SSSL2t2 L ! f; n

found In the mumoovlte rock type; when occurring In cleavelandlte
the eryrtala are usually larger, up to 5 ins. In diameter.
Golunblte platelets, up to 1 Ins. In largest dimension, SO oceur.

(t# Transition Zone

The mineral assemblage of this zone Is rather variable
due to the Incorporation of minerals from adjacent zones.

The major constituent Is quarts found either as large
lenses several feet in diameter or as grains down to less than one
Inch Ir. else. The larger quarts masses frequently contain beryl
and snblygonlte, the latter occurring as large masses up to %ft.
:idiameter or as concentrations of small Irregular bodies 1/4 - §
Ins. In width.

This texture Is remarkably similar to that described from
the fiHUTRito pegmatite In Northern Sweden by Queneel (1956) who
attributes Mt to the replacement of amblygonlte by quarts. In the
Helleon II pegmatite the finer grained amblygonlte sometimes also
occurs In a matrix of grey llthla-mloa, albf,te and quarts. Signi-
ficantly these mixed aggregates were always found within a some of
mnoky quarts which further sway grades Into the normal milky quarts

(fig. 30.).

Alblte occurs throughout this sons. Although It may occur
ss Independent masses of relatively fine-grained (1/4 - § Ins.j
cleavelandlte, It is also mixed with the other mineral" "n varying
proportions.

Darkish blue manganian apatite Is a diagnostic mineral.
ilthouA only an accessory, its dark colour and rather large else
(1* - 2 Ins. x 4 - 6 Ins.; make It conspicuous among other white
smd dull coloured minerals. Almost Invariably narrow 1/16 - 1/8 me.
vsinlets of alblte traverse these crystals, Indicating Its later

*®s. The apetlte crystals also tend to have high_lIy .
boundaries with other constituents of the zone. hese features

crystallised.

to crystallize and form a separate unit In the core.

The petallte crystals vary in size, the average being

4T/,..
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g-4it. x 9 - 12 Ine.

t—

Urenlnlte has been observed as 1/4 - 1/8 In. round..'
Thb.se W pHrtlcularl7 notloeable 1,, The
W the oontaot of the petallte end lepldollt# unite.

\\Y% v. Lhlua-bearlnK Core Zone

(1) Petallte Unit

Tit 1 fores the upper part of the vertical core sone. with
width of 17 feet mining operations have exposed It for
« distal cf at least 50 feet on strike, although It continuer
Ar. At a naxleum depth of 50 feet It Is followed doimwards
a lepidollte rich unit.

Tbs petallte occurs as large crystals up to 8 ft. by 3 ft,
is liasesInni  Locally a very subordinate matrix consisting mainly
it aaai I, but which may be accompanied by aablygonlte and apatite
it I veloped. A grey, rather coarse mica (1/4 Irch grains) may also
ooswr latorstloially.

Close to the contact with the underlying lepidollte unit,
ve lints of this mineral together with quarts can clearly be seen
le 1 unseat and corrode petallte (fig.3(11). The petallte hood, of the
# refore, appears to have crystallised before the underlying

lite unit.

t2) Lepidclito Unit

Unfortunately only two exposures of this unit were avallabV
few smamlaatlon. A vertical shaft, however, has proved its

*lops this unit as it does the overlying petallte unit.
Where exposed, the lepidollte unit consists of massive

dark purple varieties Intermixed In an Irregu ar meaner,
lenses of quarts, several feet In else and containing bary

have been observed.

fragment
m m that the ] ‘ ‘
tbs transition sone enveloping the petallte uni ,

(111)  Summary

lollte -alblte sone to form a

49/
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() loctllir

fhl« P fem tlt. ocoure epproxleately 21 mil., eaet-iouth-eset
of U r bib near the northern corner of the fare Ot*"imfGeological 1UpT

(h) ft

im econoalfiHIl)' alnerallsed oeot'""n of a larger pegmatite
dyfei metltutee the ",oker Ore body. The pegmatite oroea-owte
falM Baeara doloieltlc aatblee, the Important meetion striking
sm wrth-weet for approxlortely TOO feet ant having an essentially
vartlaal dip. Local narrow apophyalea extending from the pegmatite

eroas-out the marbles (PLATE IX). The average width of the
» gxs 80 - 100 feet.

(a) ttMflrtntlog of Internal Structure

The pegmatite lens Is characterised by the presence ot
tcesMllme which Is often of gem quality. In addition to the latter
leplgHlte, amblygon)te and beryl have been quarried.

Zoning Ir excellently displayed, allowing the outerlpegnatlt
Mag! fi be mapped and separated Into distinct units. The following

kse# been Identlfled;-

(1) Border sone of perthite-alblte-quarts-schorle

(11) Graphic-granltsone.

(111) Alblte-quar'-s-muscovite-perthlte- black
schorl tourmaline.
Cleavelandlte-quarte-ouscovite-(perthlte)-
schorl-beryl.
Alblte-quarts-muscovlte-perthlte-dark green
tourmaline.

Blocky perthlte-alblte-quarts-susoovlite-green
tourmaline.

(Iva)
(Ivb)
iv)

(vl) Lepldollte-bearlng sone.

Core marglr |a| Esasteni Quarr
(viD) glr [al Western uarrg

(vl1ll) Quarts core.
(Ik) Fracture filling#*
50/..
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(1) Y%on*

(11) Qrmphlo Granite Ztmm

Feldepar crystals dominate in this sons. They vary In
sits from 2-3 Ins. up to 1 ft. or more,the average else being 6-9
las. There appears to be a decrease In braln else towards the east

The feldspar aae two distinct colours on surface, being
elthe Lieeh coloured or white. The former Is aloroollns perthits
sad she latter alblte. Identifiable by Its well developed twin
larﬁellae. This Identification has also been confirmed microscopi-
cally.

doth feldspar varieties are almost Invariably contaminated
by systematic intergrowth with quarts. In the perthlte the latter
Is rewr and typloalxy graphic while In the alblte quarts forms
Kekltic Intergrowths. No textural relationships could be
rved to suggest that the alblte was derived from the replacement
ef perthlte.

Another characteristic feature is the occurrence of nests,
S-3 tma. In diameter, lii which quarts end muscovite are Intergrown
tm plemoee fashion.

~ Quarts also ap%)ears as local Independent concentrations
of variable else. Schorl Is an accessary also of this sons.

On the map (PLATE IX) two local developmentf have been
Idi itlflad In this sons:

(a) The bulk of the rock consists of %ink perthlte,
subordinate constituents being schorl, quarts, alblte

end blotlte. The latter mineral gives tne room m
diagnostic texture due to Its deve'ipeent as

(ill) nhlte-Qi|mrts-msgovite-Perthlf

as

S1/"*
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M ori It the chart terletlc alneral of thi. —

Larijtr euhedrml tohorl
) A ocur In the r- v* of this
i, gw” mlly » quarts enrlc te.

Flimose quarts-mueooTIte nestle ere soetter.d about in
tuborAlsai* amounts. w

Ueal smallish quarts bodies (1-2 ft. In else) art found
me#  » are frequently asm lated with a dark green tourmaline
#1is 1is dharaoterlstlo of the next tone following Inwards.

(1**) |~ A~ |T -~ f-QVArtt-1kitO O Tlte-(i,arth* >

This striking rook type has only been observed in m& el se
te t1 1 etfcem quarry where it forms an incomplete shell partial:
smsml#ik# the central lepldollte tone on its western edge (PLATE XX),

The rook is spectacular in that It is shot full of blaek
saharl amd pale bluish-green beryl crystals. The schorl crystals
asm w - 8 las. in diameter rod up to xl ins. in length. Ine beryl
offstale are rather stumpy, being 1 -5 Int. wide and not much longer

Im the direction of their o »axle.

The major constituent is cleaveland!te which Is often
with quarts. Muscovite Is scattered throughout the rook
imte amounts. The average grain else of these constituents

'4 Ins.

Perthits crystals with highly Irregular boundaries are
knonly very subordinate amount. The highly corroded
and occurrence of narrow penetrating alblte veinlets
" 'mmmthe replacement of perthit# by alblte. It Is not certain,
- 8###, thethcr this perthite is a remnant of some pre-existing

Locally clusters of dark green tourmaline are found.

(ivb) Alblte-Quarts=-mutaovit-"""hj*c-Park Green

Tourmaline

of

"#e towards the core In pegmatites.

H/ooe



This son* Is ohsraot*r*s*d by the presence of giant
ertidte erystals measuring up to 10 - 12 ft. by 4 - 5 ft. when
rth te Is bordered by quarts, the crystals have euhwdral
eeUlnei, he shen they lls in oontaot with alblte, corrosive
hselirlH are very marked. In the latter case also reinlets of
1 ld S Bf* found to penetrate the perthlte giants from the surround-
sstris*

Quarts also tends to appear as large lens-llke bodies up
ts $ ft* le length. The coarseness of the quarts and the alcrollne
ei ihlle suggsste that this unit Is equivalent to Brotsens (ip%)
esgssasgsgg. or may possibly represent a mixing of the quarts

1 me nlocky perthlte son* of the North American Investiga-
tors* however, In the present Instance It forms a uniform sens
art Is regarded as such. It Is located in the central pox-tlon of
the pspatlte (FLATS IX).

Apart from the large quarts bodies constituting the matrix
of the giant perthlte crystals, finer grained alblte, quarts and
e hehave In a similar manner. As so frequently in other
S ee quarts and muscovite are fairly often found in association
a "conglomeratic" texture, in which rounded 1 -2 Ins.
quarts bodies be In a flner- gralned matrix of muscovite
ets. Dark green or bluish green tourmalin®, 1 inch in
lemma and 1/4 Incﬁ In width accompanies theaa minerals. Locally
boots #f tourmaline are developed and the crystals are then of
1 else up to f - e Ins. In width and 2 - * Ins. long. Phare
Is £dselged tendency for tourmaline to be associated with the
BOSfsrlt*“ et the mafrix, while In some localities the matrix 1#
1IM A1t Meluelve lv fltiennasd of auaPtE Mid QUAVOVItH%&t OtMIB BIDItS
1 si__id at end may dominate.as stmtwa, vanm
elysiels

W “ o pEkg kM

Sferts-mueeowit# rock In a few instahce*e
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Th* iepldollte ore oonelete **mentlallj of both wive —o

pertle»,l»vmplebly oontalnlng <V enlj eoEttered rounded 1/V -1/2
griiee of quarts. Locally alblte also dilutes this ore. its
distribution being somewhat Irregular In contrast to the quarts.

The mauve lepldollte ore Is varied in oharaoter. this,
being mainly due to the differing amounts and mode of
jee of diluting alblte. Reeaant blocks of the zone oo vim
la ilta show the lepldollte masses to be divided up into smaller
bodies by alblte. There Is generally a gradation from the purer
lepMelite to transitional types rloh In alblte.

_ In other oases the lepldollte Is speckled by stellate
mrtes of alblte. 1/4 - *2 Ins. In else. Quarts also veeurs,
to oi led /4 - 2 ins. grains or as larger lenses reaching

1*1 ft. In length.

The lepldollte eone Is generally separated from the
t pegmatite phases on both Inner and outer margins, by a
herder of eleavelandlte which varies from a few inches In
up to several feet. These borders are characteristically
or arcuate In shape and on the core margin are associated

o minerals.

(vl1l) Core Margin

U) Eastern Quarry

In the eastern quarry grey and pink llthia-mloa occur

masses In the quarts. These bodies may be up to several
aim# and are mixed with varying amounts of eleavelandlte
sgmmly also borders them. Bot% are comparatively ooaree
for eore-margln types (vis. 1/16 -1/4 Ins.) and often

attered rounded quarts grains 1/4 - 1/2 Ins. in slse.

Apart f.ra the llthla-mloa masses there are ffmerally
* margin mlnerak associated with the eleavelandlte ores.

Important of which Is tourmalin®* Nests, 9 - 10 ins. in



of this unit, mwnym oppear-
,g wry eloee to the oleavelandlte-qu&rts oontaot. PerfeotI}I/)p

] I euhedral oryatala 10 Ine. In diameter and 12 ins. long
base been observed.

The entire unit, therefore, reveals a complex assemblage
of eleefvelamdlte, llthia-mloas, tourmalines, ambljgonlte and beryl.
OpapB pink and bluish tourmalines are found in the 1lthla mloa

c shlle deep red and green tourmalines (often of gem quality)

are mewalated with the cleavelandlte qixarts oontaot. The thlekness
ef the sene varies from 6 Ins. to 4 ft.

The Western Quarry

In this region similar core margin features are observed,
the njor difference being that the lepldollte tone Is well enough
inelepsft to form a large Independent unit.

igat" cleavelandlIte Is the oheraoterlstlo mineral often
*llpleped as arcuate or completely spheroidal masses. The latter
am:particularly well developed on the southern side of the quarts
tU B XX) and generally have a nucleus of the outer albite - quarts-
Biaoevlte-perthlte-sohorl tone (fig. 34)«Particularly Interesting
festmsms are re wealed. The lower half of the core is a perthits
srymtal dissected by alblte velnlets from the surrounding cleavelan-
«le bordsr. The other half of the nucleus consists of a quarts
I UBMVite aggregate with very subordinate aesoolated aULte,
ad Is separated from the perthits crystal by a narrow quarts-alblte
Wad. The first concentric unit outwards from this oore”eucisml
s M"osed of two halvest tho ?p>r consists of quarts with

are S S S ..

ft late-stsge origin for this latter quarts (fig. 54;.

m u N m

tftarts core.

Similar soned spheroidal bodies are fourd
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rr¥ *l«» Uanc the w>rth*m wrgln of tn*
(?2t4r“vt elU,*r """ 1b* 1,|,W ollt* >wm« or otSj SS5CI* «°*) -

Am 1B tho eamfcern, no almo In the Wat.

E *
turn w# followed by a unit of pink tourmalinee which give Jay to

mrsss: %SLSTSSM *fsr.A

oemasloaally found In the central parte of theme multicoloured
radiating tourmaline "eune".

. Other minerale found In this parageneele are eaiymmmlte
mld email 1/6 Inch menaalte oryatala*®

(¥111) Quart» Core

Milky white quarte forma the bulk of the pegmatite core.
A dwme containing smoky quarta oryatala several feet In length wam
espoeed In the eastern quarry.

(la) Fracture Fillings

This pegmatite reveals a spectacular development of large
tmt narrow plans* fractures which definitely cross out the outermost
pegmatite mones. These are particularly well developed In the
eastern quarry and In section appear as narrow veins, but where they
have been exposed along their two major dimensional axes, reveal a
distinctly planar form.

The fractures project out from the quarts core (or close to
it) Into the surrounding alblte-quarte-muecovlite-perthlte sonee
for distances of 3 - 8 ft. No exposures permitted observations
mbasing the relationship of the fractures to oore-margln and lepldo-
11b salts. The strike and dip of these fracture-fllllnge varies

oonsldsrably.

The characteristic feature of these fracture fillings Is
'ho _velopwent of aueoovite with Its basal cleavage oritnted
Parallel to the fracture planes. Tourmaline crystals, dart greenish
ini)l nr, He with their axes in the fracture plane.

Hiaeovlite also occurs together with quarts In P are



(d) Su—arv

' Thle P~M tlte reresle certain algnlfloant features, the
eost important of which la the aonatlon of tourmaline colourin
in the body aa a whole, via:

Colour of Tourmaline

Graphic Gx'anite Black

Alblte-quarts-muecovlite-perthlt Black

Alblte-quarts-nuaoovlte-oerthitg Da’“k opaque Green

Oleavelandlte-quarts-nueoovite- yl Black

Core Margin Pink, Red, Pale Green,
Pale Blue.

fltaats et al (1955) have published data fxon the Irown
, by loa. 1 and 2 pegmatites, Gunnison County, Colo., and found
jystemmtle colour cﬁanges In tourmalines from the outer wall to the
cere, vis. black, dark green, blue, light green, pink. This 8.W.
African example Is remarkably similar except for the telescoping
of several colour varieties ox* the core margin. Identical features
have also been described by Seven and Prommurse (1929). According
to Masts et al (op olt) the significant changes In tourmaline
t"-"irde the core are the Increasing oonoentxratlons of K, Rb, Os,
f ~4 and LI, while Fe, Mg, TIl, Na, Co, Ml, Cr and V decrease In
concentration towards the core. The main variation In composition
Is the substitution of lithium for Iron.

Bradley and Bradley (1955) have suggested that valency and
bonding of Iron and manganese ax*e possibly responsible for the pink
and green colours in soned tourmalines. Pink tourmalines should
contain divalent manganese end green ones ferrous iron. However,
plhfc tourmalinem contain also ferrous Iron find the green ones often
contain a high content of manganese. It Is suggested by these
authors that stringent electronic conditions In the tourmalines have
to be provided for Mn to produce a pink colour. In the green crystal
the total iron content Is always In excess of that found In plnx
varieties, and It seems that certain limiting values of iron content
pvodsee green colours even if manganese Is present.

.eore consolidated after the lepldo
"teeraie.



; THT yHLaBRUMW AREA

(si Looallt*

The Earlebrunn pegmatite Is situated a(%)roximate!* 4 mllaa
..« -eouthvest of the railway siding Albrechtshdhe on the' is n 11
fioa Windhoek to Walvls Bay.

(b) Structure

This pegmatite forms a highly Irregular outcrop pattern
(PIATE X). It Is Intrusive Into doloaltle marble of the Marble
Bertas, which contains a spectacular development of trevollte. Ila
a north-westerly direction the pegmatite can be follow*.'" for a
distance of 1,100 feet, while at right angles to this the outcrop
widths vary between 100 - 500 feet. The flat-lying quarts core
forms a prominent krmnts below which the ground slopes to the east.

The detailed structure of this pegmatite Is extremely
oo”lex (PLATE X). There are four basic units*

(1; The Western quarries high up on the hillside,
where petallte, amblygonite rod beryl are
mined. The Jooste beryl workings ([Zeryl-rich
tone In PLATE X) give a good Idea of the
attitude of the mineralisation In this area.
These exploit a beryl-rich sone which Is 70 ft.
long, 8 ft. wide, and dips vertically down to
the maximum depth attained (25-50 feet). The
other pegmatite tones In this area are essen-
tially parallel, have a N.I§W strike, rod dip

steeply or vertically.

(I1) About 450 ft. to the NB of the Jooste beryl
quarry there occurs a more or xess continuous

(111) The quartz core, often underlain by lepldollte,
Is essentially flat-lying.

quartz, petallte, and aiblte.

(e) Zoning of MhID Ore-Lody

(1) TM Outer Zone

thla ,. .no.., .t A



Muscovite also behavem In a elallar manner, growing out as redin
spines from more or less evenly-spaced renlfom neats on perthlte
surfaoes. The perthlte mist have crystallised very early inthe
sequence to act as nuclei for oleavelandlte and muscovite, ilblte
from the surrounding matrix corrodes the perthlte crystals aaralaallv
mid penetrates then in thin velnlete and films. The groundmasa”
surrounding these perthlte crystals shows characteristics already
described from the other pegmatites. Quarts and muscovite have a
habit of occurring as separate concentrations often with a
"cmmtloneratlo” texture. It Is striking how these two minerals
always tend to be Intimately associated, while alblte Is much more
rawly Intergrown with quarts. Near to the lithium-bearing semes the
alblte Is distinctly of oleavelandlte type. It tends to occur on
I[ts own or together with quarts. Small beryl crystals (1 Inch In
diameter; and oolumblte are sometimes found with the oleavelandlte
of this acne.

As a generalisation, it can be said that the amount of
perthlte seems to Increase towards the Inner lithium-bearing sonee
where It may make up 30 - 40% of the rook. Further away from the
lithium sonee, muscovite and* quarts Increase while perthlte decreases
Here the quarts and muscovite are very often Intergrown In a manner
simulating graphic granite. The quarts "pencils" are mostly rather
coarse, 1/6 - 1/2 Ins. In diameter. If the K content Is essentially
similar throughout, then In the outer sonee, due to a relatively
higher partial pressure of HgO, muscovite may represent the stable
K-beerlng phase, while later In the crystallisation sequence
nleroellne perthlte may have become the stable phase.

Heats of bluish-green tourmaline 2 -3 inches In diameter,
form the characteristic accessory of the sone.

The Jooete Beryl Quarry Is sited on a high concentration
of small beryl crystals, 1/2 - 1 Inch In diameter, within thlssone.

The associated minerals are essentially the »****" thorn# already
described, via. alblte-quarts-nusecvlite «i«n perthlte becoming

prominent corewards. Beryl appears to have been enriched were
perthlte becomes abundant.

j&r& rssn:suauwtiirsrus

with a considerably lesser content of this mineral.

(11) Fetallte-Ai1""Y fQnit> Zonf
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Aablygonlte le found fairly evenly epread throughout the

Ajole tone. Individual eaeeee have elsee 4 x 2 ft. end 3 x 1 ft.
oeourrlng together with quarts, aablygonlte tends to fore

A,1'— luepe only several Inches In diameter. Beryl has also been
astrsstsd from this sons, but was not observed In situ, Rsmnente
e< sorting dumps are dull white. Individual crystals appear to have
beM fair%y large. Other minerals found In this sons are* oolnhblte-
teitallte, observed In petallte; a dark blue manganlen apatite;
Mg 2 - 3 Inoh disaster nests of brlglfc green alkall-bearlng tour-

The oharaoterlstle mineral assemblage of this sons appears
to be petallte-aablygonlte-quarts-alblte-beryl.

(Ill) Lepldollts Zone

High-grade lepltlolite ore Is only found below the quarts
mon. That lying oloeeet to the core is generally purest, being
tlvslj free %rom alblte dilution. It may be either mauve or
my, the two types ooourrlng Independently or mixed. If alblte Is
msMt, It tends to be eleavelandlte whloh may vein and replaoe
mmmk of the lepldollte, dividing large masses Into smaller ones.
The reminder of the lepldollte unit tends to be more variable, Aie
le varying degrees of alblte dilution. The latter occurs In dlfferec

le oft.en highly oomplex. Sometimes it Is folded. One set of omds

fiws pesullar dome struotures, to be described later.

(Iv)

larger oryetale to be presente

over



Bjtrite length of 40 - 90 feet

(¥) Core Zone

‘ This oonelete of eeeelre milky white qusrts containin*
In riseee. drueee with beautiful quartt oryetsls. !

(d) Developaent of Alblte Dome#

The alblte-rlch doeee found at Karlebmnn are unique —
the feature* exhibited by them contribute greatly to the Interpre-
tation of the complex pegmatite* of the Karlblb Dletrlct. They occur
ealaly In the uppermost part of the lepldollte aone below the emln
aaailve quart* core. Where the latter peter® out eereral dome* also
penetrate Into the overlying petallte.

The eallent feature* of the dome* are:

(1) They are typically domo-shaped with bread tope

end ilmbe varying In dip from 60° to vertical. This la Interpreted
as being due to upward movement of the alblte-rlch material. The
pegmatite# have not undergone any poet-cryetalllsatlon deformation
andT the horlsontal attitude of the quarts core und the overall
configuration of the pegmatite are, therefore, primary features.

major domical structures hrve been encountered with diameter*
of 12 - 15 feet on present exposure®*. Small domes, 18-24 Inches
In diameter, are also developed.

(11) The domes never project Into the main quarts core
or associated subsidiary lenses. The horlsontal disposition of the
quarts sore has, therefore, acted a* a barrier to upward ooT*fc*nrt.
The dame# ait through the lepldollte and petallte wne®.
also been observed to cut across the outer pegmatite phase, ui
latter ease, actual fragment* of the alblte-quarts-mueoovlte roet

Inclusive of the quarts core,

thickness of these bands Is 2 Ins.

- . .. f f A
lrelriln{:,§ by alblte Is quite evident,

tar. .lot. of quart* u, to ." *1 In.ho.
ceetir® *4*air. *t-e AAMM*
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2. alblte together with scattered luaos
of aaaslve, purple, fine-grained
lepldollte reined hy alblte «id rarrinc
fro* 5 -6 feet down to fragments
loss than 1 Inch across) quarts Is
scattered throughout the alblte which Is
distinctly finer In grain than that of

‘il%a domes and Is not visibly connected with

3. A unit made up vainly of quart?; h-mdlng
due to Intercalated layers of fine-grained
lepldollte-albltf Is quite conspicuous and
conformo with the domical shape; as shown
by flg.39, the banding is nothing like as
regular and smooth as that found In the
alblte domes; the marked Irregularities
In width and continuity ral 1ir suggest
replacement processes; a li - 3 la-
crystal of beryl was found In one quarts
band; columblte occurs as very small
crystals In the lepldollte-alblte bends.

4. The major portion of the dome 1 composed
of fine- and even-grained alblte, with
sparsely-disseminated flakes of lepldollte
also concentrated Into bands of varying,
mostly narrow, width.

The concentric quarts capping (3) in this particular
le is by no reans characteristic, being absent In most other
#snse. In pert tL1ls may be due to incomplete exposure. The )
4 ea: shape of tin" capping suggests a genetics! relationship.
Ia escaping from the dome, possibly during Its rapid
pystalllsatlou» may have been charged with silica and repiaeee
nroundlng rooi. Support for such a mechanism of : » ny
a letlie phases released from the domes Is show In other examples
* enrichment of columblte on their uppfr surfaces. e

Lts grains are of the else order * - ff fn0 . iis
"**7 gpread over the dome surface or occur in

qpPPsSsIBFE "rshs nr™?Si2s r

process.
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w 1* final ooeplete ooneoUdatlon of the lepldollte-elhit*

2,8 8
m aaaaalldatlon of the guerts oore may b!lmuc In evldeaee

the MMvala ooourrlng In quantity this a%)plies particularly to
MgWolit" m< alblte, ae well as to beryl and oolunblte-tntallte.

(a) The Mcrth Baat Lene (See Page 57 and PLATE X)

(1) 9%Vr font

Btposurea are limited to a eingle quarry Which expoeee
the emtlre pegmatite from ite outer contact to the core sane. The
NMlalmg exposures are confined to the core sone end thr- Immediately
*ijeecax beryl-bearing sone.

The outer pegmatite sone is essentially similar to that
lew be the main body of the pegmatite. Rather large pale pinkleh-
W * parthite crystals lie in a grounlaaae (f -If ins. grains) of

Us niarte and muscovite. Though r ither more evenly distributed
lamt of this sone described on page 58 » end having been observed
m# very close to the outer pegmatite contact with the surrounding
set-In, there appears to be Eere an enrichment of the perthit#

ill. tises vary rapidly and widely from small crystals being
il inches, or even fractions of an inch In else to giants

mag 5 ft. by 5 ft.

The alblte of the matrix is commonly eleavelsndlte, and
nss tie a steady enrichment towards the core sone. Apart from
Ired, alblte is fairly evenly distributed throughout the rock,
vita, as usual, tends to occur with quarts. These alneraia aej

m be evenly mixed to form a quarts-wsoovlte r??]J'

mLrr.Asr

(11) The Bervl-baarlng ZQV*

f S 1 E p i s i

resultinx in a highly oosplex rocx.
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The beryl of thle locality 1, diff.rwt

M s e e B

the other hand, euggeated that much textures were formed by "the
r.pUocawt of eeiect.d *one» within the beryl by alblte 2d quarts",
eobaub OW7), by contrast, Interpreted similar textures as olearl]
Indicating contemporaneous crystallisation.

S

.. The Interpretation of such textures Is, therefore, hlshlr
subjective and la left ->pen. ,

(111) Core lone

This unit la apﬁroximately 120 ft. In length and on
%Verage 10 ft. vide, it has been mined to vertical depths of 30 - 40
t.

The mineral distribution la highly erratic. The major
const* lemts are quarts and grey (or pin%) lepldollite developed as
Irregular lw. Pink lepldollte Is often mixed with evenly dissem-
inated alblte, and to a leaser degree with quarts, f - 2 feet wide
quarts biobe occurring In this material are often bordered by. or
contain, clusters of topas and beryl. The latter are generally

t - 3/4 Ins. In slse. The grey lepldollte occurs as huge masses
within massive quarts, Whicl% are either free of or mixed with alblte.

Banded ispldollte-alblte rooks are also developed.

Also petallte, amblygonlte and coluablte have been extracted
froa n j mixed sone. (Personal communication by nine personnel).
Ouly petallte has been observed by the author In situ and this was

mhl*ly weathered state.

On the margins of the core sone cleavelandlte frequently
daveiapg externally splayed spheroids or arcuate bands 6 - 9 »
width. These are generally fonr*d around cores of alblte-quarte-

muceevlte rook.

Berth we.tem Offwhoot (PLATE Si

"4ts end contain quarts as the major dllutent.

W  jputh laatem Offshqgt (PLAI3JU



tmtfW Hn* found In this outemoet phase.

In the aouth-eaatommoet extrealty a small 3 - 6 ft
eerie COre 1# present Alch can be followed for a dlstenoe of
ebout 100 ft. 'The ctrlke 1s essentially north south and the din

ft A1 mnelt? N SNk oAk *». rrel ich In .
Pépllggl}lte and alblte tAloh Ras a Varlablg thickness not exc%edmg
5 - 6 ft. The relative groportion* of lepldollte end alblte
Tary rapidly over short dlrtances.

Some 200 ft. to the north-northwest of this quarts lena
snothar email body of.»oonoalc mineralisation Is found. The major
minerals are quarts, lepldoHte-alblte patallte, and perthlte. The
lepldollite-alblte Is of the randed variety. In the weathered rubble
of this lens numerous crystals of oolumblte are found, up to 2 Ins.
In disaster. This mineral Is presumably associated with the lithium
mineralisation®* Beryl has been observed adjacent to a lithium rloh

lens.

(h) CannluAlnm Remarks

At Karlebnmn the final alblte (+ minor lepldollte) stage
Is developed In a singularly unique form characterised by striking
dene structures convex upwards. In part, their development Is no
doubt due to the flat-ly'ng attitude of the greater part of the
pegmatite. Gravitational pressure of overlying already consolidated
portions of the pegmatite, Including the quarts core, on underlying
still liquid late-stage fractions In Itself could cause buckling
end dome formation. In addition, the residual albltle fraction
would be highly charged with volatlles (HgO etoj, thus lowering Its
specific gravity and Imparting an upward migrating jendeney. The
pressure of the residual fraction probably Increased until It
equalled and then exceeded the confining pressure. Under these
conditions rapid crystallisation from an under-cooled fluid, or a
fluid saturated or super saturated with alblte, could take place.
That mnlnerallsers" were still active Is demonstrated by the
symmetrical concentrically disposed quarts-rich cappings of some or

concentration of oolum blte-tanlallte on dome crests,

sipo perthlte crystals In a matrix of the same minerals.

i. tWPCPiaita PEOKATIIB (F

(a) fltafrgl ft
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A broad sonal pattern can be establlahed:

(1) Outer Pegmatite zone
(11) The main economic aonea:-

le Lepldollte-alblte zone

2» Lepldollte-alblte-K -felapar zone
3. Amblygonlte rich zone

(111) Quartz core

(Iv) The weetern unit of economic mineralization
(b) Deacrlotlon of the Pegmatite

(1) The Outer Pegmatite Zone

The abaenoe of good expoaura doea not permit a ayatematlo
mapping of the non-eoonomlc portion of the pegmatite and Ita aub-
dlelzlon Into dletlnot unita. A large gulley on the northern aide
of the pegmatite, extending from the economic zonea to the llneatone-
pegmatlte contact, reveala aeveral zonea 1Aloh may be oharacterlatlo
of the outer pegmatite. Thle, however, repreeente only one single
oroaa-euttlng aeotlon and It la not known whether theee zonea are
developed everywhere within the outer portion of the pegmatite.

In the gulley a narrow border zone along the contact, eoes

3 Ins. wide, has suffered severe weathering and la now represented
by sandy debris. Immediately adjacent to this Is a rook, 4 ft. wide,
up of alblte-quartz-mueoovlite of 1 - If Ins. average grain else.

A narrow 1 - 2 ft. wide zone of quartz-musoovlte-alblte
oan be dlstlngulahed aa the next zone. The grain alee 2 -3 Ins. up
to 5 Ins. Is distinctly coarser than In the previous zone. Dark
blue tourmaline Is developed as radiating neats. Beryl Is also an
accessory.

Lose
» the emmtaot of the latter'and probably owes Its presence
light mixing of the zones near the contact.
1 S e S S B r
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iMglh and 1 - 1* Ins- in width. Tourwllne, ah green la
00 mt la com nly found in neat# oonalatl almoat exoluelTely of

tonrealiae conoentrations show a tendency to ooour in the oua.'ts-
MSMTite rook poor in albite.

At a few localities fine-grained sugary albite la present
so lew Id masses being as much as 20 ft. long and 2* ft. wide.
This reek Is often banded due to parallel enrichments of blue
Isaw lino or reddish almandine garnet. This massive sugary albite
la webably not directly related to a similar phase found in the
lepidellte-rioh none becausei

It Is free of lepldollte
it contains tourmaline and garnet which are
lacking In the sugary albite phase of theLi-eres.

Those lenses are, therefore, relatedto the outer zone. Their
origin may be similar to thesugar%‘ albite masses found in the
outer granitic" sone of the Rubiconpegmatite.

(H) The Main Economic Zones

1. The Leoldollte-Albltc Zone

isabltatlvely albite is more abundant over vie entire

) U lepldollte. evertheless a considerable number of bodies
1 IMiL . grade ore were found In the alblte-rleh reok. These were
all out at the time of mapping end their repwseotatlon on

now removed, so that the general configuration of Urn
AANlite as shown is correct.

SX33

«*»stely associated.

*Iblte rook.
4 /ooo
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of lithium etem are found »i«

VS" tii

the neighbourhood of the quarts core and at other
This 1j mewrail*

Ithis seme, bended rooks are present.
t " 1, erlibeeot e? lepldollte In dlstlnst layers. Use potaah-
tiJm * sryetals (X - If 1ns. In diameter) are found In the form of

aethsst hsstda. This Is the first Instance of I-felspar to ooeur In
UplKISe ere-sones.

* Temldelits Albite K Felaear

She most significant outcrop of this rook occurs In the
tf the pegmatite, on the footwall side of the quarts core and
m§ the amblygonlte rich sone. A alallar rook type occurs In
faar-shaped trench In the southernatem portion of the

1

The characteristic feature of this unusual rook type Is

of a highly weathered pink to reddish k-felspar
Ily with both grey and deep purple lithium micas and
tne microscope tl?:e k-felspar Is clouded by brown iron
I), stains which do not permit a positive Identification. It
Sharply wiVa the alb]fte grains whlo* are relatively fresh

gmetlen. The crystals are generally f - 2 Ins. In length
m 4 Ins. In width.

iee major constituents ohangi In relative proportion
Alblte shows a tendency to occur near to the

Is rather unusual In that It Is not the « —
1/4 - 5/4 Ins. In else, jfrsrts
ew Inenea

13

’

midly.
too.

but occurs In grains
r -earner amounts as irregular lumps, generally a

lettered throughout the rook. Smaller sralne, f Ins.
Hamster, are frequently found dispersed In the lithium

m m m m

mStar very similar conditions.
Other aooessorles are beryl» topes, end amblygonlte.



W ir ipectaeular development In Beekere pegmatite on otjua

AmblvKonlte-rloh Zone

The major oonetituents of thle sane are alblte-miarl
ite. Alblte end quarts are generally of smaller grain
Tl  emblygonlte having average diameters of V* - 1 Ins. These

tMD eeecmente usually form a relatively even grained rook with a
luMMioma mixing of the two phases, though locally quarts Is
ratlre2y lacking. Amblygonlte varies greatly In dimensions from
aavaiml Inehes to as much as 5 ft. In diameter. Its characteristic

li am rounded boulders scattered throughout the alblte-quarte
isfe  There Is a decided propensity for amblygonlte to be enrich
on 1 smarts core margin.

Quarts often reveals unusual textural relationships. It
freami lily occurs as velnlets or Irregular blobs which quite clearly

0 i - the alblte-quarfcs matrix. These velnlete have never been
mi to transect the amblygonlte boulders end In some Instances
0 traced back to the quarts core.

Beryl end epodumene appear sporadically as accessories.
Isiyl MM been observed as rere crystals directly on the quarts
*ne, an uncommon constituent, Is developed as always
v,.-. ...lered crystals up to 1 ft. In length.

A peculiar feature observed Is the development of conical
gurfssee la the alblte-rloh phases of thle sons. Individual eonee
amnpto a ft. In length and 10 Ins. In diameter across the base.

# me arm defined by distinct surfaces lined with a thin
of grey mica. They must represent fracture fillings of a peculiar
fa

*. 1firti 9%~

this consists of milky white quarts. Glmavela®iy la
m i revmlopod on the core margin and may be associated wth
mi aleroellne perthlte.

epltellte”t-fe Ispar sons described above.

(in ) ytiltrn Eoopoeiociiv wlinfri*wfl fcfM

o rndE ST M Sm S8 (B ESS S

with%alblté

lapldellte

2SS5 JnlJJMinir “"unt. e*
accompany both types

|
[A A VIin# AAM W<
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Although the outer pegmatite tone reveal# a OF«tala degree
of differentiation the main oonetltuente are alblte, qua<ts end
miseovite. Locally perthlte crystal# are present end then the outer
,m, becomes identical with the so-called outer granitic ' son# of
the other pegmstltee.

The lithium ore sones in this particular body again display
good evidence of the late nature of alblte in relationship to
teoldollte. in unuuual feature of the lithium-bearing ores is the
mDoearonoe of a k-felepar phase. The very late nature of quarts
Jdeh outs across the anblygonlte-bearlng sone as well as the
lepldollte-alblto-k-felspar sone is also demonstrated by this
pegmatite.

(a) general Statement
On PLATE II a large pegnatltlo granite dyke of sigmoidal
AsSM is shorn intruding tLj met#-sediments of the Damara System.

At the north-eastern extremity of this body is the large accumulation
of lithium minerals described above under Broekwsnn ¢ P*6*"tiM.

deti I
(b) DsscrlPtlog yf the Pegmatite

(1) P-gmatltlc Zonf

hs neticed hy soil changes.

One such locally developed "jJJ'feet'in dimension

g p i i s i e p
* W as inclusions of .....R-mueoovlte. ouon
"W orsted in the following waysi-

- simultaneous crystallisation
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n»plyo«wnt of P«rthit# by quert*-Bui00Y iu
K 7. e WS* 5S 3 S b, peptMle

The question of alblte dlrurlbutlon may also be problematlo.]
emails*" lene.JS of quarts-aueoovlite greleen ooour la alblte-
"2TZ#s#eovIl* r00t LII11 sosttered pertbite. It may thus be
2 Si5at the quarts-mueooYite rook with perthit# 1# the arlnarv
-Jktn* aklah ha# subsequently been replaced by alblte. T>I,
"tj.p»Ini is not favoured by the author %ecauset-

- the rather even distribution of alblte suggests
that It is a primary phase

- the alblte invariably associated with the later
phasee of the pegmatite crystallisation

sequence and usually highly corrosive, is either
cleavelandlte or sugary alblte.

It is, therefore, considered that alblte, perthits, quarts
ned sttseovlte are all primary constituents of this none although
certain minerals may have crystallised earlier than others, vis.
perthite Is often corroded by the other components.

Aceeeeorlee of the general rook type are beryl (associated
with the qwte-nueoovlte rook) and a dark bluish tourmaline.

(11) Lithiun-and Bervlillup-bearIM Fractional

Occurring in the above major rook type there occur irregular

patches enriched in other minerals, e.g. quarts blows, massive elea
no#*, lapidolite-alblte rocks, etc. These bodies are often 1"ne*

In mineral constituents and the nature of their soning. -ha 0il? ng
types of jVmotionates are developedlI

1. Alblte rocks.
2. Lepldollte-rloh rooks.

3. Quarts blows with associated mineralisa-
tion.

Small well soned mineralised bodies.

1. A lblte Rocks

*** mth alblte.

Both pihk

"eWsms but generally email, up to Z - J
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3. Quartz Blow* with Ammociatod m * T>u « at”all
Two such bodies rre exposed#

The northernmost lens Is 140 ft. In length end sttsilni .
s [jw"! exposed thickness of 8 ~ 10 ft. The adjacent rook' tme !m
ti, normal alblte-quarts-musooTlte phase with scattered pink perthite
crystals, the latter revealing highly Irregular outlines. A few
lens (1 - 2 ft. In the maximum dimension) euhedral perthite crystals
era developed also within the quartz, particularly along Its margin.
Imgulerly scattered on the quartz core margin occur even grained
mates of grey lithium-bearing mica with subordinate quarts and rare

alblte.

The other quartz blow Is essentially similar (40 ft. long)
10 - 12 ft. maximum width). The lithium-bearing minerals here form
m irregular tone on the core margin, and are represented by pink
ml grey lithium-bearing micas and amblygonlte. Oasts of the latter
anthe eore-margln reveal that Individual crystals attained large
cites, sometimes measuring 5 ft. x 2 ft. Smaller crystals have been
obeemd In situ. The llt%lum-mlcae are relatively free of alblte,
Ihi ealn dllutent being quarts. Perthite crystals are scattered
tszeMh the assemblage on the core-margin. A dark blue aangaalan
apatite is a characteristic accessory.

4. Small Well Zoned Mineralized Bodies

Two small well zoned bodies are present In this pegmatite.

The northern, dipping steeply to the west, occurs close to the
sorthsianost bend o* the pegmatite where It swings to the east.
(The ped Is exposed in a small pit only so that Its overall dimensionk
are net known). The uppermost contact with the outer ooarsi pegma-
tltle sm ite sone Is sharp and defined by narrow pinching and
eselling sone, with a maximum width of 1 ft, made up entirely
marts and muscovite. The latter has a tendency to develop aggregate.
*leh ere elongated perpendicularly or eubperpéndlcularly to the

it, the basal cleavage of the muscovite, however, being parallel
te the contact. These muscovite bodies alternate with quarts.

in width,

The pink  rthlte Is
© pin which

In towards the core

ins.)
tsrts—avtd muepuvin.



m h behares In a ilellar Banner>

Below this oore-econe the underlying unit oonelete of
-.Hgite-enarts-Bueeovlte. This rook type merely grades into the
525 w itltlo granite.

the other soned body eooure almost In the middle of the

* ejfee. It Is 30 ft. in length, 2 -6 ft. In width, eertl-
ilamian. end hM been mined to a depth of 6 - 10 ft. The
esposaims are good and allow accurate delineation of the various

the outermost unit of the exposed some of the pegmatite
m deed of albtte-quarts-eueeovlte In vhloh are scattered
t perthlte, I.e. it Is basloally comparable with the
imin megaatltlo granite sone. The perthlte crystals are generally
leas thaw* Ins. in their largest dimension. Fine-grained nests of
1* ; maocofite are also present.

the above rook la followed symmetrically core-wrde by a
mitm ft - * ft. wide sone consisting essentially of perthlte.
d evlte fill the Intersticee between the perthlte

aiystals. this perthlte unit, when fully developed, can be sub-
dividsd into two sub-unitsi-

Is) In the 9-10 Ins. thick outer part (with respect to toe

la width.

Se toe gmrts core.

a.iyl wa ooliublt. «« fovml .t t.. <7

tbl. (n.i«1l sen.l pett.rn 1. “ * 0,*f1,x 67

I- T T.110M4 slong .tplk. th. quMt»y «or» «!*ee te
m sf Uthla-mlca.
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H W m m PEOM4TITE JM IPLIOMBQ

(a) IpnlXX*

This psgmstlt* 1# situated on the fare Kolloabo aeon
aateli 4 ellea south-southeast of the railway aldlna Albzeehta oe
the nadhoek - Vhlwla Bay line, PLATE I.

(h) Btruature

This pegmatite la a narrow, eaetweat striking, steeply

ppla lyfee In dolomltla marble of the Daaara Aysten which
ftegmatly contains bands rich In tremollte. Outcrops and quarry
exposures allow more or leas continuous mapping of tho pegmatite
ftor 930 ft. along strike. Unfortunately, only the northern aide ef
the % is core %as been opened up by quarrying operations, and

as U xnml pattern can be determined for this portion only.
Exposure the southern aide of the core are too Intermittent te
parml aystematlc mapping and thus to asoertaln whether or not a
mywtrlsal aiTengemenV cf mineral tonea about the quarts core la

(t) general Pesorlptlon

Detailed nap ing on ascale of 1*250 has made It ,
to mtbdlrldethe pegmatite Into the following unites- (dee PUTS XII,

(1) Border tone of alblte-quarts-toureallne.

(11) Alblte-quarts-nuoooY Itee

(I11) Complex alblte-quarts-aueeoY Ite sone.
(IT) Beryl-rloh sone.
(v) Lepldollte-alblte sone.

(.1) Highly oo-pl.x end w .thr" «l«y

(.11) 9Y9u»rti oor. «nd M .oo0l.t.d oor. Hrgl.
minecralisation.

(1) Border Zone
This la visible only on the northern contact of the peg

71/."
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It euet be remembered, however, that the marbles }, ogn
mrally contain numerous tremollte-rlch horlsom on a fegional

(IT) Albite-Quarta-Mumoovlte

. The major minerals of this sons are albite, quarts and
misecvlts, while tourmaline and beryl are common accessories. The
evMoeltlo* remains remarkably consistent over the whole sone.

Three forms of alblte. have been observed, vim. cleavelan-
<Ste, e*ary alblte and "normal" alblte crystals. The distribution
o¥ aleevwlsndlte is somewhat erratic but would appear to be more
muslnmil towards the Ll-bearlng ore units which In themselves are
useelated with oleavelandlte. Sugary alblte occurs as lumps which
vsiv la else and hape and have an irregular distribution. This
ty »Is ooaaonl r speckled with quarts and muscovite. "Normal" alblte
Villas crystals which attain a aaxlmua else of 1/4 to 1/2 Ins.,
mi are evenly distributed through the rook, revealing no splaying,
h—m»| or radial textures which characterise the oleavelandlte.

The quarts grains are 1/4 - 3/4 Ins. In else and mostly
evenly spread throughout the sone, though often showing a preference
to be associated with muscovite in which case very little alblte Is

rrwetat ¢

Muscovite varies considerably in else, generally being
V4 - 1* las. In diameter, though larger 2 Ins. diameter plates
say also be found. The accessories are tourmaline, beryl and "¥*rc
rarely eolumblte. The tourmaline Is generally dark bluieh In ooicnri

f"TS "ir.srsi! Jerw SET

ceneeatrations.

tbi fresh unmodified state.

(ITI) Complax Allrr

75 LN ]
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(11) Alblte-*uartg”useovite

The major minerals of this sone are elblte, quarts end
cusoovlte, while tourmaline and beryl are common accessories. The
Deposition remains remarkably eonslstent ove- #be whale sone.

Three forms of alblte. have been observed, vis. eleavelan-
dite, sugary alblte and "normal" alblte crystals. The distribution
of oleevmlanilte Is somewhat erratic but would appear to be more
promlnsmt towrds the U-bearing ore units which In themselves aw
ssseolated with cleavelandlte. Sugary alblte occurs as lumps which
very In site and shape and have an Irregular distribution. This
tjpt is commonly speckled with quarts and muscovite. "Normal" alblte
eppliea to crystals whloh attain a maximum slse of 1/4 to 1/2 Ins.,
mi are evenly distributed through the rook, revealing no splaying,
»— or radial textures whloh characterise the oleavelandlte.

The quarts grains are 1/4 - 3/4 Ins. In else and mostly
evenly spread throughout the sone, though often showing a preference
to is associated with muscovite In whloh ease very little alblte Is
present.

Muscovite varies considerably In slse, generally being
1/43 I* Ins. In diameter, though larger 2 ins. diameter plates
say li be found. The accessories are tourmaline, beryl and more
M p eelumblte. The tourmaline Is generally dark bluish In colour,
loe wed most commonly as fine-grained nests or radiating aggregates
1-1 Ins. In diameter. The beryl, a very pale aquamarine variety, le
eovnslly euhedral In shape, It / crystals being 1 -2 Ins. In lergth
N rally never more than 1 inch In diameter. It has a tendency
le concentrated near the alblte-quarta-tourmallne rook of the
P sane. il y radiating blades of oolumblte, 1/E :
*Idti and np to If Ins. in length, have been found in quarts-weeovl

"eaasmirations.

m nresh unmodified state

(111) Complex Alblte -Quart A

3 *"e E# diameter.
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"beeoee *bundSt*Soii to*thl*SuSt5S A .

n -#rKlm#d lum gi/?'" ‘ grau,) Qv-
o'ia 2 STS]&IS 1oy wwa
e
I_E8 Iln,, dlawleFo.ryet*‘h of greeoleb beryl-elr::l- lll

# 1*rw  beryl crystal, occur In th# acne Iti il ,
the quart# core margin when this son, abuts against the

accessories are bluls.’, apatite, greenish « 1 reddish
" ef spodumene ari e# ygonlte All thi { minerals
small in else (1/4 - 1/2 ins. in aai -eoe dia ision)
is found in eomswhat larger bodies.

Civ3 Benrl-Rich Zone

main concentration of beryl Is either close to the
m cf the outer sones with the lepldollte-alblte unit

latter is absent, the quarts core. The maximum width
I 1# 2 - 3 ft. To the east and west of the main quarry
meparently absent. There is generally a certain amount
ration of minerals from adjacent sones Into this unit.

maec characteristic associated mineral is oleerelandlte,

eeeurriag as coarse radiating masses. Ber 1 1# found as
dihedral to eubhedral crystals up to disaster.

Ls mostly pink; some crystals, however, dlsplay a letinet
( with a pale pinkish core being surrounded by a pale

(fig.42).
Other minerals appearing frequently in this MO# AT ihe

?7Ss% vIS*orystalllsed togStS~wlth'the elesvelandlte
end how much may represent incorporated naterl mm
sones.

(v) Lenldollte-Alblte Zone

S ¢+t iW @ E ~

TVSsuish-grey.

76/."
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it with yuarte. These lenses sre generally of the
Itle!3iese as In the normal banded rook types, vis. loss
s. The alblte-quarts-schlleren are sometimes aooompwied
.tourmaline (pinkish rubelllte and soned blue and pink

I topes.

"wrte Is also admixed with the massive llthla-mlea rooks,
m dispersed small grains (1/4 Inch) which reveal local

(vl) Complex Olwr Mineral Units

It several localities close to the core margin there occur
e of clay-like aggregates (PLATE XII). It was found
# Artirmlne their original nature. Sometimes certain
'igtHres suggest petallte. The frequent pink colouration
1"t of the hectorlte so common at Rubicon which le certain
petallte, (page 28 ). Relatively fresh oleavelandlte
I iu bout the clayey material. The surrounding
lai v y phylloslllloates. 0 ler pink and green altera-
tomtm appear to have been derive” Iron spoduaene crystals,
'"“jllte grains, of 1/4 - 1/2 Ins. “erage diameter, are an
eemstltuent ¢

(Vi Core

sn sS ““ulS-'russr

id on the core margin.

tMATITg ON DERNBUBQ

s;u/«re;-«” ulr=1f,"11C O™ L m D -

M ructure .
t-northwest etrtklni

body is essentially a narrow we#

77/6"'
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The meet striking feature of the pegmatite is Its treasa-
, M Lon in mineral development along strike. For the arpoee
TLStstlon it has, therefore, been subdivided from east to vest
ii itlnot subareas dealt with separately (PLATE XIII)

,) pufarlotlon of Pemaatlte

(1) Subarea :

In this section a very distinct sonal pattern end paragons-
pmTaMse can be established.

In contact with the ox -tsites the pegmatite has developed
. only grained rock (1/ »- 1/2 Ins. average grain else)
mmtrnk of quarts, muscovite and very small amounts of sugary

The average width of the son# is A - 9 Ins.

2, imrds this Is followed by a narrow zone. 2 -6 ft. In
mainly fine grained sugary alblte (1/8 - 1/16 Ins.)

ely minor amounts of quarts and muscovite.
™

Cnnpylxm the central portion of the dyke Is a unit mod#
«of t}i/e Bh-ooloured mloroollno perthits crystals generally
In else. Large euhedral to subhedral beryl oryel e
this blooky perthlte rock. One measuring 6 x 2 feet

In situ.

Im eular quarts masses, on average 1 - 2°ft. In axiaum

i = N

ths IftllOT are also bordered by small topas crystals.

feved

S B B
to p«,«,tlon). .. « -
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(11)

Tb» sonlns i.tart* (}\ff .In a siznilar manner to the adiaowt
Soralp;:\r JiTe:irpeT-
g gs Of tke peftatlle” now consist®* ‘of Thuch smaller crys'.als of
K S e. gsnerally only several Inches In slse, mixed with angular
2% m ies and a greater proportion of alblte, and Instead of
1 . the mica Is now mainly muscovite occurring In plates
W Tvi Ins. In diameter. Locally crystals of highly altered
(t) occur. These again reveal corrosive relationships with

perIMU.

(I11) Subarea III

Zn this section the Individual pegmatite unite show a
w™ A«mc of asymmetry. The perthlte-quarts-muscovlte-alblte seme,
foMiM the major part of the pegmatite in subarea II Is split by a

m i t cote and continues some distance westwards only to
tta m P the latter. Along the southern margin a rapidly swell-
of alblte-quarts-muscovite, devoid of perthits, Is developed
S, ter K It consists of fine grained sugary alblte (1/8 - V* Ins

la *1* grains of quarts and muscovite (or aggregates of the two
Blmmle) ere scattered.

In the westernmost section a zone composed of quarts end
tied 'psrthlte is developed in the northern portion of the pegmatite

VOmlng an envelope about the western part of the quarts

%

t Uk a rare constituent.

ossibly owes Its
t a common feature
Rubicon,

TUS highly variable mineral assemblage
mtru tie telescoping Of various i.one«. This

(iv) gubgr** ;v

J S -S IfS iiS ilW rsr

Veda else.) aha

the werloua rock types is aomewn-
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R wy sad pink llthls-slosi, both eeparate and alxad, oeour
“ <+ »ta which Is often enriched about their earalne. The
I te found In the perthite tone may thua aleo be related to
ah concentration:. Bpodumene la aecoclated with thli

-aeiallsntion so that the overall pattern does not differ
5at found In subarea I.

sther assemblage found In association with this perthite
i a eleavelendlte-mueoovlte rook In which the muscovite
iJhediml plates 21ns. In diameter.

a”ivsonlte is often abundant close to the margin of the
and Is generally associated with quarts.

teaidmrable quantities of oolumblte-tantallte occur In
times In crystals over 1 In. In else. Both black

_ ythrbIS k"lIHr% Ir!*3dilTd1% r% ted
te-mlca rich areas.

<f) Bubarfg-g

1
-U S is,4si«.,585»
fhllewlng manner«- .

marrow border sone of MicFiaAugeavite:
alblte.

1-2
sone . .
Ins. grain sise.

previous tone.

eset tms ss tnw v¥*-# —

* Of spoduaene.
Th. » HU-t,. 4-T.loP"

..aatlte ere rather



olxt 1 , l«n— [12aSVy"itihCSil**
. odwue bortler. n#m _«%###%.%
4 t3f 1b# eMwlire fltbim-mlom unite oryetelllsei #fur

te-rich son#*

inother noteworthy feature of the pegaatlte le the iwla-
ti«#lf sbrupt ehens* in eoje- Pattern from one subarea to the aest.
This may in part be due to certioal sonins out obliquely

ere ent eurface. There Is also a possibility that the firl us

1 -u #e it a certain sngle and again the present eurface expeeee

STfewt ebllque eeotlone. Deeper mining will glee the ultimate
mto these problems.

J ym mibP PmhATItl IMTHE EROPQO S8CHLUCHT

(a) locality

This pegmatite oooure within the main gorge deeply laelsed

as; w

larlbib on the Windhoek-W aleie Bay ral way line.

(b) A~fciytiire

E S S * » S

titee.

la th. sut.ra MCtlon a f«.U out. ooros. th. ar»«
lig it by some 20 ft. in plan.

(a) Description of th? fegm atlf

<i) gtBtXftl HaUeme

' foil rd in a westerly direction.

in) T- r-t)trr s..tioa

tM UM co.pl.* .Mt.ni «,hIBU * tW
ISI-

1. Out.r ton. of .1blt.-,uM t.-««o.lt.
2. ci..r.l»ait.-o»rt.-b.r,1-»» -

3. Llthla-mlea unit.

4. Alblte rook.

« Quarts core. 61/ .2



, Outer Pwmallt* Zon.

Toie 1# up W nu
toeelly =ubordlnete. *1Dlle la
S 1 p 1 1 1 E 1 | 1 E '

Quarts and alblte In places also show a tendency to be
*leeely *"»oclated and In such cases muscovite is entirely absent
or present -n very small amounts only. Alblte-muscovite asseelatlons
la these rocks are, therefore, an exception. The reason for these
rtlstlOQships is rather difficult to assess. To many pegmatite
Isveetlgatora quarts-museovlte zones are characteristic, sad It
e< Id he argued that alblte le later In age and of replacement origin.
Boeever, when the zone Is considered as a whole, alblte shows no
particular variation from the core outwards. On this evidence the
alblte could be a paragenetlc component of this zone.

Isolated giant perthlte crystals are found in this zone.
They also occur In the next Inward-lying zone and thus show a rather
smdem distribution In this eastern section. It would seen that
these large perthlte crystals were rather early products of
rystalllsatlon which did not segregate preferentially Into say
parti ular zone. In the western section, however, perthlte occurs
adjacent to the quarts core and builds up an Indynandfpf seme thyp
indicating lateral yerlftlona In physlco-gteml]

mel 74| )OdT-

Black schorl tourmaline Is scattered throughout the rock
as an accessory. As far as can be determined, this outer pegmatite
M extends right up to the granite contact without any Intervening

tones.

2. Clearelandite-Quartr.-baryl Zone

The average width of this zone is 6 - 10 ft., but locally
A swells out to 20 ft. and more. The same rock type persists well
Me the western section of the pegmatite body.

A 1T« "11tt



F JB isB iUM Bre®ST fcss-

2L » If .~ ““l««~>a. "

qusrii-eer®*. AM
position »f th»

'V~ iaoh soatteped neats. Loeally thin }l)enell-llne welnlets
of alilte out the massive aloa rook Indicating a later age for alblts.

. Fine grains of coluablte-tantallte also locally speckle
tki rot t, other portions being quite free of this mineral.

4, M hlto Rock

lew lally underlying the llthla-eloa rich unit is a
3 2 of virtually pure fine-grained alblte rook, the toetast
the two may be either sharp or transitional.

Tb' rook frequently contains small cavities limed with

ati La, Iron-oxldee (hydroxides) and clay minerals. L

| § S, ima of quarts are developed here and there bat are quite
Umto.

Locally the alblte rook contains minor amounts of rather
spread llthla-mioa.

Several Interesting features have been observed elaee to
- <« ,wt of the llthla-mioa rich unit and the alblte rook. As
- j. « r memtlened, the former Is locally traversed by mostly narrow
’J4d'- te. One suoh vein If - 2 Ins. in width is soned with a horde?
1 Idspar whloh in turn Is followed Inwards by quarts which
r ol italne drusy cavities In its central portion. * .a
Lm baecow, I rather diffuse and indefinite in the alblte roe id
I M no obsei atle continuation through the latter Into the quarts



*[toA froa the other pegaetltee of

-»  SuaElUifia

Feake VW |t*

Thia # neiate of a hnangenoom mono of aeeelve alXhr

L

(ill) The Wintm heotim

Ao 5§ 91

Thlo seetSon is auoh aore rorl Athan the eaetem. la
neat all con i ere eyn_ etrloal about the quarts oere,

Mb ell ele re the senlns l« aayaaetrleal

It la further eoaplleated

If the development of an apo”yele (PXAIt XIV) extending Into the

iS ilns *&!** granite. The various sonea are ahoen on PLATE XIV.
la laAleate mare elw j the van eonalderable variations in

- ari mgemant and its eaya atry,

a nuaber of eroae-ecetlena,

on the mam are deaerlbed In detail.

Profile W

is oere
la llte-quarta-beryl
k] dle quarts

n‘iuaoovlte—
mearts«* m

™ alblte rook

W -albl e-quarts
alblte

pm Lte

«Ue Of the U tw
Is iieevv.y have
parA:y in the a

«

Quarts oora
Oleavelandlta-quarts-barfl
Muaoovlte-alblta-fuarts
Alblte-quarts-muaeovlte

Mueoovlte-alblt#-quarts
Behorl-alblte-quarts-maeeevlt

Salee granite

#i

partly «tti

this

**rw 4 mw "
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The I;;;Ainoml

. g H g P 1j fcnule
¢S "EaSS -38 SIS T
* la also a aubordinate mineral ooearrlng la -U

sea of variable elae, the iverege grain alae being f - 3/Tlna.
laatlte a7Btalav 2 Ina. In diameter are an Important eecoeaecery ef

Bke alM te oooura am am even tea art neaale of eleeva-
L*h ematterad quarts gralne up to 1 ft. la diameter. Seherl
Ur In abundant, occurring In large oryetela up to < - 7 Ina.
li<idtb eg up to 10 Ina. In length. There la a alight temdamay
I[r I. aehorl grains to orientate thenaelvea pergw | elmr to t e
#g of U i1 pegmatite. The boundaries of prlaaatlo ery”lela are
Vtatfdmr, particularly against alblte. Small fractures are healed
Uth alblte, indicating that they had oryatalllaed out before all
- e, mil Lie. Mueeovite occurs as scattered platee of Irregular
glle# and la also veined by alblte and quarts. Individuals are
%‘ m | - 2 torn, thick and 7 Ins. In diameter and reveal marginal
mWps#lmm to brittle n&ca. Patchy aggregatee of veined and eerrodef
apatite are also found In the alblte.

Alblte wd quarts are the major constituents of this acme.
1 to quite subordinate. Apart from scattered platee up to
I yymm* thJeh end 9 Ina. In diameter. It also occurs Intergrow
to give the familiar moongloeeratli texture.

Sl

Topaa gralne are a rare constituent.

S C 51

eubedval ewlUcee.
developed, partleu-

ehmm in sentmot with alblte.
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1-8 + daaeetep plates.

2. I Xh.5.-L-B

mt #id# Qt Quarts Core 6. side of QHV *«
Quarts core Quarts core
Perthlte-quarts Ferthite-quarts
Cleavelandlte-topaz Cleavelandlte-topas
Brownish r '-rich zone Brownish nloa-rloh sons
Muscovite-  ilt-v-quartz Nusaovlte-alblte-quarts

Alblte-quarts-susoovlte

tfrWU”*"flMar\g

This sons consists essentially of euhedral perthlte crystal
embedded In qusurts. tne perthltes are generally a few feet In else
sH locally tend to segregate Into pure perthlte masses. Oecoaelonal
aill masses of rreeqlsh Ilthla-aloa Invariably show clear corrosive
lelstlcnshlps with the rthlte. Large apatite crystals, up to
$ Sa». In disaster and 18 Ins. In length are associated with the
p ts of this sons. Also lensold lumps of amblygonlte are some-
time found In this sons. Their size Is variable; one individual
ewpad 15 x 6 Ins.

Cloavelandlto-tonai unit

Cleavelendlte Is the dominant mineral and has a tendency
to scour as arcuate or radiating aggregates. Kuhedrel 9rystale
of variable else, up to 10 x 6 Ins. are scattered through this
Nth la varying proportions. Two varieties are founds opaque greyish
<

Alta turquoise-blue. They lie In oleav?landlte close -
itaibmi  Bark green apatite also occurs In the same posltlu mly
h or; ital hLS been observed in this parageneeis.
A &UIQ 1Q» ifV
1 vag

widsw I S TS KS "

rich rock.

B _S , s, W< m
arsném surrounding cores of uranin

tb. etb.r »».» oo.urrlne In P” fUe "*
scribed from profile A - B.

66/ o m
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gfclii@ py™ wtrleal.

B Quarte oore

Olearaleafllt opae-muleovlta-apatlte-u:  [5]te

Scherl-alblte-quarts-euB80T lte.

Here again a mohorl rich border zone llee adjaeent to the
eontaot. Locally the quarry walla are alaoet entirely blaefc
dee te enrichment with eeherl tourmaline, the cryetale cf the latter
iler at the margin# of the pegmatite, meetly being 8 -3 ine.
in width, but Inerecaee In else witﬁ gletanoe from the pegmatite
eentact, era tually reaching 5 -6 Ine* In diameter. The prlemetle
sryetale are oriented perpendicular te the outer pegmatite eaataet.

Theee black tourmaline cryetale lie In a matrix of alblte
m quart# with ecattered plate# of mueeovilte. The latter Aow a
tUMA enrichment adjacent to the next eleavelandlte-rleh men#
fbilewing Inward#. They I'each 4 -5 ine. In diameter, tut In
general are only If - 2 Ine. In width ana f - 1 Ine. in thlekneee.

Alblte dominate# over quart#, the latter having a tendency

te r.ram larger aggregate# veined by alblte or am eemi-rounded
w - .- 1 ine. In else. Also the echerl cryetale exhibit eorroel
i Aveil Lng by alblte (fig.44),

An added feature in the weetem part le the occurrence of
i"lU|l/m aggregate# lying In the alblte, which locally aeeunee a
reddish colour.

JU' 'y -'"Ite-t™1 g »Q rlte-anatlte-urenlnitd

This unit differ# from the oleevelendlte-tcpae men# ooourr
te tlw meet, in the appearenoe of additional minerals.

13

» * » ts rs r?.

ime. in mime.

67 1<« *M
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Of epeolal Interest le the replaeeeent behaviour of the
trow mlea-urenlnlte sone, ehloh,though its bulk position would
*P*mr to belong to the outer aecieeblagee crystallljisin generally
mfor the timer blooky perthlte-quarts and oleavelan(%lte-topai
tones, nevertheless on s significant scale outs across the latter
two units, replacing a large portion, of their essential constituents.
Its late age Is thus quite clearly demonstrated.

A most noteworthy feature Is that the uraninlte, with Its
alteration products, invariably occurs In the form of smallish
mended grains. This fact. Is of great importance with reference
to the origin of the small rounded grains of uraninlte In the

ua bearing bankets of the Vlitwatersrand and associated systi
iartl uLnrly the round cores of fresh uraninlte surrounded by
#1 atlon products are significant. On erosion only very small
grains of detrltal uraninlte would possibly result.

K ML swuwr or rigjO Bd giTgM .+ IWHIinB.gr.IHI

In order to present a synopsis, and attempt a synthesis,

ef all the Information gathered In the field Table 1 has been

noted. AIll the aonal unite have been assembled in a rather
adjective requenoe of oldest to youngest In order bo establish
%mm’n mv generalised sequence le applicable to the pegmatites of
Iks whole area. The fact that certain unite tend to recur In an
orderly sequence from pegmatite to pegmatite provides a reasonable
teals on which a generalised pattern can be built up.




Th« point to be considered next is whether the general
weal pattern sueearleed in Table 1 is in any way comparable with
ti iemaal sequence described by Cameron et al (19*9) for North

leerffican pegmatites. -The latter, from the marrlne inwards towards
tea sore 1s as followstz-

1. Plagloclase-quarts-musooTlte

2. Plagioolase-quarts

3. Quarts-porthite-plagloclaso, with or
without muscovite, with or without
bletlte
Perthlte-quarts

5 PerLhite-quarte-plagioolase-amblygonlte-
mpodumene

6. Plagioelace-qxiarts-epodumeme

#  Quarts-spodumene

I Lepidollte-plegloolase-quarts

9. %uart,s-r.nicroohn.e o '
10. lonolina-plagioclaee-lithia micas-quarts
11. Quarts

Those sones corresponding best with those developed lu the
larthi pegmatites, have been listed In Table 1+ Study of the
litter : ;mediately reveals many discrepancisa and lack of oosplete

lation. In this connection the following points are relevant.

4 petallty-rlch unit . merieen olaesifleettea
apgs mot yH at such a unit. North_American lithlum-
pegmatites appear to be mainly apodunene-sahlygonite-

a 1 lepldolite-bearing types, in contrast with the
Karlbib pegmatites which often contain abundan,
petallte and are notably deficient In spoduaans.

which is well

South Vest African pegmatites, (¢.g2. Karlsbnumi the

T van der Made pegmatite ) Das been Included.

l:
Li-bearing ore sones.

into a single unit.



» 6ivam llthologic unit occur# et two pl#o#c
In the eequenoe

EiS .'52JS rf£rrS tfl£>"** »~ *“]-

Th# mineral meeeeblege 1# slightly different
from the norm.

Conelderlng mil the ,%bove point# the correepondene# between
tie two pegmmtlte eequenoe# le exceptionally good - a fact which was
fti ft pointed out by Oaeeron (1955).

The %reatest difficulty In a precise correlation of the
tm ecequenoe# le provided by the authorl# alblte-perthlte-quartm-
eeecovlte %roup and the American group 3, consistln%l of quarts-
pe,thlte-plagloclaee with or without muscovite, with or without
ttoilto. This eonal rock type In pegmatites of the Karlbib district
le of common occurrence In many of the late-tectonle Intimalve
weeelfe of pegmatltlc granite. The rook, as described. Is eeeen-
tttlly a very coarse pegmatltlc granite with phenoeryete of der -
*I m erthlte embedded in a matrix of alblte-quarte-nueeovite t et
often shows corrosive relationships with the perthlte. This rook
type resembles very closely one described by Page (1953) from tbs Is
UUfl Bitsn. Im his tone 3 (perthlte, quarts, muscovite and | Lag!
lines being the major constituents) he finds that concentrations of
aorthite are characteristically confined to the upper part of he
PW Htlte body and that the perthlte content "decreases from the
eeter to the Inner contact end also down dip". Furthermore ixt
lallsate that the uniform Intergrowth of alglte, quarts and i isaovltc
tolca forme the groundnaee throughout the son# formed later then the
toethftte". The rook type is apparently Identical to the louth Meet
Ifrican type as de 10rlged by the authcnlt would appear that the
lerlttb alﬁlte-perthlte -quarts-muecovlte rock type Is merely a

we lety nf the Ameidcan sone type 3.

From the detailed descriptions of each Individual pegmatite

s g . .S
toe Karlbib dial riot.



to the forwtloB of let# pheee eonetltueote. SsT u -
bMrias *nd aesooleted elnerele. It poeelblj- mark# the break free
Mgwtla crystallisation to late-Bagaatlo conditions when pneuM-
tcgenlc and evrn hydrothermal processes begin to operate.

(e) The c*xt group of minerals to form are noticeably rich
Is LI and are frecently associated with sugary alblte. The major
mtierale are petallte, lepldollte and alblte, while minor amounts cf
"fgonlte also occur. }%here Is a definite special relationship and
ties sequence In the formation of these minerals. Petallte crystal-
lises first and collects In the upper part of this unit generally
fomlng a hood. Amblygonlte, alblte, quarts, may occur at the seme
time. Immediately below this petallte hood, and at a somewhat later
itage, fime-gralned lepldollte crystallises together with alblte and
daor quarts. The final phase to form at this general stage Is
msgary alblte which collects at the bottom of the still non-orystal-
Uas Eortion of the magma chamber. The sugary alblte phase Is able
$c behave dlaplrloally and can Intrude, breoolate and replace any
f the previously crystallised sons! constituents. Ieoh successive
stags here sen assume corrosive relationships to previously ooneell-
tstod w its. Vo assessment Is made as to the amount of replacement
that may take place ae the criterion commonly used for such dlag&oala
me m what subjective. The question of replacement Is brought up
*gain on pagel24

During this entire process of complex diffusions and
eryetalllsatlcc, silica Is apparently being concentrated In the
s Ideal fractions of the pegmatite magma

Isetlem.
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I*M11J mparticulal’ pegaatlte should be examined In sufficient
detail to discover vhat variations may exist In any one particular
daeral from the borders to the core. In this way details of
mineralogy could Le Integrated with field observations snd serve
#sn scientific basis for petrologic Interpretations. However, the
AEreach adopted In this Investigation was to establish the
cheraeterietiee of the major minerals on a regional scale. The
slamrals examined In a particular group are, therefore, representa-
tive of the area rather than of a particular pegmatite. An attempt
we, however, made to discover what variations may exist for a

tleular mineral group In a single ore-body, vis; the micas and
plagleelasee. The micas were selected because they can show a wide
Nags of element substitution. Furthermore, the micas and felspars
dth quarts are the major constituents of pegmatites.

Another factor which Imposed a certain bias In the selec-
ts* of minerals for chemical ana%)ysis was the fact that this area
is characterised by LI and Be-aliieralleatlon. The micas and beryl.
Usrefore, account for 19 of the 29 analyses, LI-micas and beryl
representing the most common economic minerals.

Only the major minerals ere described In this paper. There
sclate a wide range of alteration products of pegmatlc minerals
dtieh could yield some very Interesting data e.g. the alteration
re aets of %ismuth from Rubicon and Hellson I| of amblygonlte
from the Erongo Sehlucht; of petallte, lepidollte and amblygonlte
from Rubicon B; beryl from Demburg (Roering and Hec“roodt, In

rajarstlan).

*ort rceurate d-value ’eterml le.tlons.

eter wai

Elfle
i

tt Ineluelone.

m jm zr
(s) Occurrence

1 i 11 th ites.
The micas are widely Urlbuted in all the pegmatites
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¢*a0B17 Intlaately emsooleted with qaart#* In b iflderoad type
of eecoelatlon the latter oeeure ae rather large rounded bodies
1-3 !»»e In diameter In a matrix of muscovite flakes to give the
"samgleejratlo texture so frequently referred to In the previous
test* In another type of Intergrowth quarts Is developed as

red like splaying Inclusions within the aloa In a manner somewhat
olnller to quarts-feldspar Intergrowths In graphic granite or
oyroeklte. These plumose Intergrowths have been recently described
ty Orville (1960). In some pegmatites larger muscovite crystals may
be found as booklets up to lg" In diameter usually associated with
lesser amounts of alblte and quarts. In the van dor Made pegmatite
nseoevlte plates are often altered along their margins to a very
herd and brittle variety.

Finer grained micas (1/16 - V* Ins.) are mostly developed
la aaeslve often almost pure micaceous bodies. Alblte and quarts
are the eommon dilutants, other rarer associated minerals being
tapes, tourmaline, apatite, eolumblte. These fine grained micas
i normally found in the more interior sones, often adjacent to
the quarts core. They are almost invariably lithium bearing, and
—athit a variety of colours e.g. pink, purple, mauve, grey, greyish-
green and silvery-white. For the sake of simplicity the pink,
move and purple varieties have been referred to as lepldollte in
field descriptions. Structural and chemical data are, however,
required to classify the Ll-mleas more rigorously. This restricts
dsflnlte Identification of these minerals in hand specimens.

(b) X-Ray Data

Eighteen selected micas were subjected to X-ray analysis
- order to establish which particular poljrocrphM -rw present.

riires 25LiELSU 15 1ri;

COs.
islv%



(<t) Ch—letnr

Twelve different nloa ore# here been chemically analysed
(MMm3 and 8a). Ten of these analyse# represent pure nloae while
iso (191 and K87) contain Impurities (alhlte) and are representative
of the typical ore rather than of a particular aloa. Iéertain of
the specimens analysed have been subjected to x-ray Investigation
as described above and It Is, therefore, possible to check the
relationship between the chemical composition and structure, using
the diagram of octahedral occupancy prepared by Forster (1962)
(fig. *5 } A good correlation Is obtained for all the analyses
sxeept 1226 SHel? con II) which was found to contain two polymorphs

(S id SM The Indefinite boundary of the mixed forms proposed
f Forster (€962) may, therefore, extend slightly lower than shorn
fig. 45.

*98, a massive fine grained mica from the ore some of
|*lIs< 1 I Is found to be the type most diflolent in LI In all
amalyses. However, 199 Is massive ore type taken further along
strike in the same main ore sons and reveals a considerably higher
llthla and fluorine content. Thus In the same massive fine grained
tsff-mlsa acme 1I1thlan-muscovite# showing considerable variation In
I- ontent are present - one being grey and the other mauve.

Fig.45 also shows how the micas from van der Hades
pacatite differ from other micas of the district. The main

] M
of the various silicate phases.

B f 1 E S S

eosi m 1 grade.

tb. -jorlt, ,, retl®
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A« MM = wll Uw -eeapi Iboas free the t-
e*le*S. El :m also fair!/ to all aleaa.

(d) gmglwtwi

Llthlao mleeovltae (SMi poljraorphe) eharaeterlaa the
artar gfonltia phaaea. the fine grained aaeelvo core mono aleaa of
Mad. aaure, grey, greenlah-grey and alivery-whlte colour, generally
Nnalat of the 2*1 and 2Eg polynorphe. Locally, however, they nay
U rlee llthlan-nuacovltea akin to thoee of the border aence.
tHe tree epldolltea have been Identified aoong the coanon alea typea
leearrlng in the Karlblb dlatrlot.

VIth progreaalve fractionation of the pegaatlte aj itea Li
la §narally enriched In the later core alea typea. Parallel with
tk&a enrlaheent la an Increase in the amount of rubidium and fluorine
Beale i araoterlatlo differences In the oherlstry of major and miner
elamante of the aleaa distinguish the Srongo eehlueht pegmatites
Amm the others of the district Wthh belong very close to the
111 lem-muscovite Imytdollte eerica’

The van der Made pegmatite la the only ore occurring In
Hetlte rlefa Salem grwalte, though the nasalvC Rubicon body la also

m Matact a.'cn-rleh dlorlte along the footwall. All other pegaatlte
hMrl m are inJeeteC into sediments of the Damara System, mostly

""  Jtlo marblee.

(a) Peneml

Meal term W hite* used in the deeorlptlre section,
j bj iy jftollne pert t&

Thla eine
to bodies.

ftfees



Reoteieilap mingle alblte twins displaying sutbadpal
outline seattaped sparingly with fairly random
orientation In the larger alerocilne crystal.
Probably they were formed together with, or slightly
earlier than the enclosing microsline perthlte.

Vhere secondary replacement alblte velnlets contact
such twinned crystals the edges of the latter tend to
be more Irregular than the normal rectilinear contacts
revealed against alcrocllne.

Ooarme alblte velnlets of the else order 10 - 400 u.
These very often reveal a systematic orientationz
frequently alonﬁ (001). When examined In detail
these veinlets have Irregular edges; they blench,
swell and pinch out unsystematically; contain scatter-
ed inclusions of mlcroellne end are connected with
eroae cutting velnletc (fig.46). These Irregular
veinlete are loeelly aseeolated with small amounts
ef muscovite. This latter fact suggests that the
plagloolaae to be of replacement origin, en Inter-
pretation reinforced by the field observation that
perthlte crystals lying In an alblte matrix frequently
display highly serrated and corroded margins.
Were the plagioclaee stringers have been coarse

to permit universal stage Investigations, it
was found that the composition Is AbpgAn”.

flg.47). This contrasts with the coarse replacement
perthlte aid possibly represents true exsolution of

alblte.
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A chemlc&l analjels of alcroellne perfchlte from the
Betallte quarrj of Melleon XI le listed In Table 6. The weight
kepertlons of this mineral are Org2e7Abl7e3.

The optics were found to be as fallowst-
"= 1.521 - 0.003
/3~ 1.519 - 0.003 2V (calc) = 72.7*
CX* 1.514 - 0.003

(e) lagloolase

Plagloclase le developed In rzrloue types whleh occupy
definite positions In the pegmatite bodies. In the outer "gremltle"
aamec plagloclase Is developed as 1/4 - 3/4 Ins. grains together
aith quarts and muscovite. This alblte Invariably reveals very
fine polyay fchstlc twin ing. The beryl-bearing sone preceding the
Li- and K/Ia-mlnerallsatlon, and again the core margin mineralisation,
soanonly contain splaying cleavelandlte masses. losely associated
with the lepldollte stage and extending In range beyond It,la a
flee graineg sugary-alblte. Alec within the lepldollte masses are
reeded masses 1 -4 Ins. In dJjmeter comprised of extremely fine
e&sro-orystalllne alblte (0.13 mm In else).

It was decided to obtain Information as to the variation
ef the Am eontent of plagloclaces with distance from the contact
of the pegmatite contacts. J. Molver of the Geology Department of
the Ohlverslt, of the Wltwaterarand had already “ "J'J

i m m m
fed mil of the lepldollte sone at Helicon I.



— unL*111* m* (111> peefcl ar* rell” e In this

#H##t » certain amount of Ca may have been derived from the quarts

te ootwall while In the hanging vail where the An content la
m * and -he pegmatite merely grades Into a vast ease of pegea-
tltle granite. Helicon II roviges an Interesting example of there
being no Influence of the Camara marbles on the plagloolase coupo-
iltleee. The plagloclaeee were all selected from the lower part of
tw pegmatite from one side to the other. In this regia.* the
pegmatite consists of an alblte-quarts-euseovlte rook with perthito.
there Is mo aug” atlon whatever of a higher An content close to the
mmfcle eomtaot even when the error of determination of g# An la
-iSBr Into account.

The use of the term alblte In defining the various rook
types In the descriptive section thus appears to be entirely
jestifled*

Also the ohemloal analysis (Table 5) Justifies to the
relative purity of the alblte. Apart from the very email percentage
G (0.11) also the other alkali and alkall-ea th metals e up
oaly a very inslgnlfloahbproportion of this plagloolase.

0. MTALITI

fetallte la generally found as large cryetale of the
rtmr of a veral feet In else. It oommonly has \“"“v-w hlte oolour
thswh locally may be almost colourless or else slightly pinkish,
f imeml la characterised by a perfect 001 cleavage.

This mineral la found In the lithium ore sonee which
btrally surrounds the quarts core. It has a v

1 1 m g r n a c

#f top! lellte-alblte.

WM&al alteration.



I Co*t 05”7 ®?1 mt* InemMe 1» HgO coupled with a decree##
, »i le. m lower elfcell content 1# particularly evident from
p celeulmtlon of the cation#.

3 ) H unaltered petelite# reveal a very elaller ohealetry
iigmeigb cowing from widely eeparated depoelte.

Tourmaline 1# a coneletent ecceeeory mineral In ell the
pya“tltee. In thm outer "granitic" sonee It 1# uaually a him*
el irl. In the van der Made pegmatite tht# mineral 1# greatly
erl bed In the omtermoet none, where 11 1# eaeoolated with elblte
imerts and mueoovlite. Individual oryetal# wy be up to 1 ft. In
length and 2 -3 me. diameter near the contact Inereeelng In alee

mtte core. Locally the eohorl may make up 50 - 60 per cent
il irop. The normally euhedral to eubhedral prlema may
locally be corroded by alblte; they may even be fractured, the
an ifc# then being "healed" by alblte. At Becker# pegmatite oa
01, ia there occur knot# 1 -3 inc. In else, eoepoecd of a graphic
ingrowth of schorl with quarts.

In the Interior sonee, via. Li and Ha mineralisation or
marmln. brightly coloured 11thla-touraallnem are found, often
Jdt .I'n 1Ina Li- and Ba-mlnerallsed unite the tourmalin.
¥ sammimly aaaoclatod with quarts enrichments, th n type#
gatmK pink or blue in colour. (Radiatin% sun# of opaque pink
t* rwl.lne ha”e been observed In lepldollte ore fro# tne ~ J**

the colour distribution la generally a# follow#s-

core border

i green
]IDIulS}Il‘ec%reen greien q
pale whitish blue pale re

ececwaga*

th. r.rw 1i» h»»



-too

.0 1l -petntiinaoould possibly be dlepleoed mlightly
hi#ber values.

However, the La trend of pegaatltle fractionation as
v by the tw lallnes is one ebowln* a treneltloa from
pi to elbaite. The essential ebemleal ohen#e is the eubstitu-
iim of Li for Fe.

r. m m
Quarts is virtually present in all the various rook types
of the pegmatites. The exceptlone are massive aononineraliw unite,
(me] perthlte) or the oleavelandite core margin mineralisation.
The quarts oore is made *ip of large milky-white aaeeee.
vugs are found in which ttu quarts assumes a euhedral
ir end then is either colourless or smoky to dark brown.
~ The inversion of quarts from high to low quarts is one of
1 » earliest gecthermometer used in pegmatite investigations. The

inversion temperature la 573° et atmospheric pressure and is raised
< Imately i°0 by each 40bare of pressure (Deer, Howie, Zui<®

Usee TODb. (Bee pagel22).

Lgbly regular twins by localised pressure.

This mieeral occurs

l t? the quarts oore.

10~ .,



. tooi* about the details of Its occurrence. Very fortu-
i Lely tote on this mineral are available due to a thoi
greetigation of specimens from the mine by H. lei (1944).

The polluclte is characteristically traversed by numerous

telnl*** of lepldollte. Mel also records the occurrence of narrow
slay mineral veinlets.

~ M1 has found that the unit cell formula calculated on
Ibs basis of 96 oxygens is

Oey la*Ali*li) O gg .6HgO

%
(s) to#
Together with the Li-mlca% petallte, amblygonlte and
eslambtte-tsntallte, this mineral is one of the major e< o i
*mesal« of the district. It is invariably present in all the

see*lax pegmatites generally tending to be consentrated in eertain
specific cones in the pegmatite body thus allowing selective mining

1 i most important beryl-bearing cones are*
the cleavelandlte-rloh unit immediately
proceeding the Li-and Ma-minerailcation, e.g.
at Rubicon ores.

the oleavelandlte-rloh core margin, e.g. at
Helicon L Erongo Sobluoht.

m m
lite may Stors taken place.

la tl
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M #dtlte oc esaelnatigg wen found to consist of crrp-
rratalllne bertrendite and an glumlinous regular layer

) *-dwelling ihlorlte. (Reqrif® and Heokrooflt, m preparation).
gjp alteration of beryl la paiutdeulbdrlf notloeetole adjaeent to

JASN2/?V 2~ 11 Ik ] db

X 1§1m erelmdlte and e oduaeesne. T>. ‘-i\*no»rtdiggg :.eye%ar%%{root‘grlgg ©
In(%rgell(%e of , and the addition of M s, end HpO et the
0 g.

(o) Chenlatyr

The reaulta of alx ohenlaal analyaes of various beryla
is atom In Tab!# 10. The BeO oontent la anasingly oenaleteafc, only
rsryl*  between 11.85 - 12.80#. The theoretical maximum la 13*96
et % BeO the dlfferanee being made up by the prea”ioe of alkali
estalo. Of the latter the moat important are LI, Ms and Ce.
loaordlng to Hoyton (19*7) the pink colour of beryl la due to the
.psaonoe of alkalia and attributable In particular to 14. This
imlaAlanohlp* however, la by no mean* elear In the preeent analyses.

The number of cation# related to 36 oxygen# are ahow In
1 gib 11. Here eertaln relations pa found In previous Investiga-
tions by other wc**ere can be confirmed, via. both the refractive
ladm mA epeolflo gravity Inrreaee with the Inoreaae la the tenor
of a. (Vinohell 1951, Deer, Howie and Zuasaaa 1962).

At the bottom of Table 11 the cation proportions have

mn* airanmed in decree/Ilng 91 contente There appear# to be a very
weail pelatlonahlp between a decrease in allloom and an Inoreaae In

m -1 lone.

Although tbs beryl# analysed are from

4s

snsml— and vide

membnre of the eKtraeay Pe. 1*i and i are rwi

la

1"mal unaltered phosphates preserved.

Fa. Fhoaphoroua was datermxneu J

n Ate.
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On the eore eepgln p the Rubleon 0 ore-body rounded
up to IB In# In dleeeter, of a yelloeleh brow mineral
M h are veined and bordered by a soft bleak eubstanee ehloh
of oi give mnay to a rilllaat purple mineral. Plg.22 thows
of all ra 1 of yellowl ih brew mineral to the eoft bl*ok
kr* taob of the vj Lone mineral type# have been Imveet it d
[/ 1list# the x-ray < <# of nhe yellewleh brow phaee end for
n d-valuee of trlphylllte are Included, "“eneel (1999
lee the x-ray poeder i*otographe of trlphylllte and llthlophlllte
to be Identical. A ohealoal analyale of the aame material ehow
| Itoeie. It time belongs to the llthlophllite LI(m", Pe*>(?0")
member of the merle#. The mat trial above a alight degree of
W iratlon me portrayed by the fe end wter eontenta.

Ll1thlopklllte altera to a hydrated amorphous 1 la#
e Iron 1 | The ohealoal oompoeltloi of thla material le
til Table 15. The malm effects of the alteration are the
ml of LI smd pr*ephoroue, the addition of wter sad the
HESion of F# a  tta. K ehow appreciable enrltiment. .
i this material reveal# no structure. Bat Ite dletlnetly
ell ration product#,llnln email pavltli i, le oryetalUa*
has been Identified ae purpurlte( (bh)*Pe>*)P0*).

Thla a-teretlon eeqtsenoe at RuMconi

Ilthlophlllte - hydrated amorphous Ifa-Fe
wd - purpurlte, differs somsvhst from
that 1 lerlbed by Queneel (1995 In the
Vamtraek pegmatite In Northern Sweden,
dare llthlopK Itlte altera eyetematloally
icording to the sohewiei varullte -
loan llusudUt - purpurlte gr
a Lerito - purpurlte.

iPATiyi

. i M M
eorroded and veined by alblte.

ite as

1-647
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It e 1» $renteet abunAenoe eloee to the quarts oore.
frsieentlj in aeeeeletlon with petallte on the henglngwall elde

a dipping luartsoee core some (e.g. Rubicon, Karlebnmn). It
s aleo fawnd without petallte en 'he core margin end ie then
ggeelated with alblte and quartm and mica. This la the ease at

ei I and Broofcmemhe pegmatite. Another similar oocurrtmee

is h irnburg pegmatite where amblygonlte and beryl are aesoolated
with alblte, quarta, and muscovite, forming a eone which surrounds
Bbloofcy perthite-quarts oore.

Throughout, amblygonlte has a tendency to form rounded
lamps of varying else, sometimes reaching 3 -4 feet In diameter.

Three chemical analyses of selected samples are listed in
iggV| 14. The analyses have been recalculated In a manner similar
te that used by Forster (I960) for the micas. The cationic elements

raduemd to proportions of cationic valencies. The total member
a# cationic valencies are then made equal to 9 since the amblygonlte
foiesla is (L1,Ma)AlF0g(OH,F). Each proportional cationic valency
I, divided by the valency of the particular element to five
,gl im proportions In a unit cell. OHend i are treated separately]
set the anionic proportions (obtained by dividing the wt £ by the
weight and multiplying by the valency of the anion in the
Le) are multiplied by the same factor used to bring the total
U charge to 9» Thus a basis of comparison between the Miens
ed aatlona eam be obtained.

amblygonlte.
B8M.
seounte la all
found in
tUrqUO0,*

J  jTS-w-r— ¢ ?

Od»  1.607 4 0.004
1.113 ¢ 0.004
1.680 - 0.004

zd»

X 9
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fenami X0s MM Be«r. Howie end hatmm
me r*OMftlv# u*n— Le*te » celecular pweeeleee
<F*y) mmi * t>le %0H» 1». therefore e wmrletf n<
1te Miter.- »ln#e tMe edr erel forme fairly 1 ti In
— 9t 7001 tit* eryel 111setlorn of the pegmetlte it eleo
Mi the feet"that the nativity of F Inerecaeee with progreeelve

YV m m biomjth m altpatiof fmrocra

Native hleeuth ie a notable eonetltuent only In two of the
gjMrtltee desert.bed. In the malm Rubleon ore-body It ooeore In
ally email residual amounts within yellowish end ereealsh
itamtll ochre on the uppeF hanging wall quarts sore margin. *tllow-
ismith oohre is aﬁ)so foun§ In quarts-nueeovlte rook In the
p-perthlte-quarts-alblte-aueoovlite sons of the OtJus pegmatite.
The beat occurrence is that at Rubicon shore straight
*Mrt veinlets of bismuth oohre distinctly vein and cross-cut the
BTwerte (fig. 48). The veins, are sometimes present in
MjftsSMt abwidsmce to give the appearnee of a breeds emtstltag
« of quanta. Blnee these veins fill a eo#las pcttevw cf
selm! 1 In the quarts,bismuth mineralisation must postdate the
i*mollKtlon of the quarts core.

Within the oohre are found masses of plnkiM shiteirey

'
m m m m .

phemh-bl w Ithite.

** I«LUU fr*v-

,’ «WTrT

Wsmmth eeourrenoee.
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«. SUefflbM allU tt ..rebodies

Tb*



- 106 -

* eltes of leTelopeent, however, are the oleaveleadlte-rloh tone

iee4i ift the Li- and la-elnerallsatloe tu this la developed, or
rwlH. aaaooiated witl eleavelendite, directly on the
*# #or» aargln. the also end hm >la theee two tonal poeltlone
r io—what, beian meat eoamonly la thj form of aarrew plateleta
1/18 - 1/4 Inch wide fa the outer first-named unit, while squat
B”adela up to 9 iaa. la else are often found on the core margin.

Fine grained nasalve Li-nieaa sometimes contain small
altered 1/4 inch grains. Vhen carefully examined the latter are
neaasmtly altuated near quarts concentrations (e.g. Brookmanas
aM Wtlte and core-margin at Karlsbruan). At Demburg, however,

G blte-tantallte is dispersed throughout the dense Uthla-mlea
without sky errked association with quarts. In the tame ore-

«mther unusual node ol occurrence is the concentratlon of oolum-
te-te telite on the upper surfaces of the alblte domes at Karls-

Chemical emalyses of three different toeuiwsnoee of

1128 95:1

luc
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Tagog MthS
Tsmtdllte 65.60
I irldes- 55.20

fa content.
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Hwm terlel the i n ter kaie pegeetlte wi ezeelned
V 9MB* of Xr-raye. The outer yelleulsh ochre le urenophene chile
the merh cores of the groins after heat treetaent were found to be

aPSBlInlte. tfcualltatlve epeetro-grephlc enalysls confined the
notification of ursnlnlte.

L  DISCP&SIOM

(a) General

Certain facts pertaining to progressive changes In the
OMdstrj of the pegmatite system are discussed below in the lleM
i raj al data. By neeecelty this discussion Is concerned with
palliative changes.

(b) iKeatinn*! trends determined by the mineralogy

The mica group possibly reveals the greatest range of
,» olehl changes In the pegmatite system with cooling. This group
ly represented In most sonal rook types The aost algnl-
(lasmt changes are an enrichment of LI In the octahedral sites of
m as a* “oa approaches the quarts core. The outer li n graer-

ew*- Jr.STL "ti. T r./w with a

b

and fluorine content.

Also the eoaposltlonal features of tourmalines indicate
ritaaut of LI in the residual fractions.

n kite Id llthlophlllte.
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» fTM uieee A La It appear®* that the aoat Important
(Mil 1 eoi Irolling the behaviour ofppegrnatite crystallisation aa
tevealmA the chemistry of Tha all val* are water, (the massive
~ee lenes close to the core), fluorine end lithium.

* eQoeee
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mWMtkt tfta genetlo ties are completely severed and tme intru-
**5 grmaltes emplaee themselves Into higher lerels of the smst
so magma hat more likely as algma*. The final member of
serlea are high level plutons "intrusive Into non-plutonlc
wglams late la #he history of the orogen concerned

It is surprising therefore, that pegmatites are hardly
1 seasidered In this light. So much energy has been devoted to
Wmsaa&mgloal and Internal local aspects of pegaatltes that the
mglemal eavlronment has often been overlooked, notable except-
teas* however, have been foreman (1931), Severs (1936, 1937).
mefrvidh (!?*e, 1953) and Olnebourg (1960).

Possibly the most serious stumbling block in the way of
'mtabllshine a "pegmatite series" Is the fact that most granites
t* differ ; erustal levels may have assorted pegmatltlo types of
tbelr i and that these nay migrate Into different environments,
kpmtltie "disperse phases ('dgis erse phase" - used to Indicate
mpegmatite system irrespective of Its state I.e. gaseous, men-
mtle, diffusive flow of lone) are generally the i st mobile in
mg metamorphlc-netasomatle terrain. It could thus be envisaged

aw*lem additions and mixings of these pegmatltlo phases"
*Sther la a acrlaontal or vertical direction may take place In a
*leular orogen. Another complicating factor Is that granitic
fttwatlea and injection under synteetonic conditions possibly
*#*111 in the most mobile fraction being equeesed out of the area
mf grm It generat while post-tw:'onle aagnatlo granlt. > my
v be subjected to such suitable conditions for the rcaov* of
*mm11110 fruotlcas. In spite of these difficulties It win be
mhied out below that attempts of synthesis have been effectively

**ri*d out In certain areas.

ecm .
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(b) ggglL of Cttrrotii,

Oeveri mnf Froeeuee (1929) note* certain specific
varlatloni In the else, shape and abundance of pegmatite#, a# veil
a* the nature of their mineral content with dlatance from the parent
bed? In the Srongo tin fields of South Meet Afrloa. But the first
leelly systematic elasslfleatlon of pegma distribution and
em eraif,tatlor with eeeferenoe to a parent & Ite body wee presented
by estars (1956, 1997) In his description of Naasqualand pegmatites,
tore he recognised knt _ pegmatites of simple undifferentiated
mcoposition situated well within the parent body, and ggulmgl
pegeatltea Injected right outaide the parent body into surrounding

try rook. The Ints Ix»r pegmatitei are eharaeterlsed by a

ui ts-felapar "base" and are general y detold of late concentra-
tions of eeonoele minerals. There la little evidence of "pneuma-
telytle" épost-mageatlo) action. A«oea”ory minerals are schorl,
nraet and muscovite. Karelnal pegmatites, when lar%e enough In
else, are often highly Linerailsed, exhibiting r. high degree of
MSI mmrmatln prooeaees. Klnerale formed by the latter are alblte,
tof—wite, beryl, -oumallne, lithium-bearing minerals, oolw *lte-
tesallte, monasl+m and other rare earth minerals, native bismuth,

mlphldee etc.
Heinrloh (1946) has also found that a classification of
and exterior was valid for
The interior types are well
rts, olipoclaee, muscovite,
videnoe of hydrothermal

mwav -hioh results In the production of alblte,

fhNtolla

wo, A ISETJK 8

epelltee should be aoouecilated.

B S I S I 1 ® ? "
Npesad upon i
(.) th. =h..1«l ohw.ot.r of th. w»w 'botholitb =«
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emec*|ltiwd foot.

A bMlo potion of pegeotltee from the eleple to the

mrotpen's four sola type# of pegsotlte ore the
SeUewtnsi-

im i tree Pegmatites

Those are essentially granltlo In eeepeollion and
meataln blotlie as the dominant slea. They generally reveal the
I sonal pattern. I.e. an outer granitoid sons followed
is hy a sons of graphic granite, a pegaatvld s«ie sad the
peru so's.

Almost of granltlo oosposltlon but containing muscovite
m the dominant ale*. As a rule they reveal the "normal" sonal
although the granitoid sons t he lac lag and "reversed"
may oeeur. The "reversed or American" soaal pattern
?+# the standard sonal arrangement set out by Cameras et. al.
It Is oalled "reversed" beoauee the outer semes of eueh
ttoe are represented by mineral ossemblagee generally fomsd
e re In flrotsen's more simple pegmatite types.

Meeraoterlsed by late plagloeleee, mainly "alblta"  the
. alee 1s eeccevfite,end-tms_compositign of the pegmatite

deviate from that of %ranite by having n higher sfiTtco content
a higher proportion of Pa to 1. Reversed soning Is

##
#d

ari

m m m

n Lon of olaplor types.

I11/ oo
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riantm]* mm felepmp, eueoovlte and rmvm-mmrth wnepsle.

of flfrth mm found 3-5 - 4 Km to

%[1;17 &m below the surfmom, mad mm uvaumllj meeoelmted with blotltm
blotlte-hornblende granites or benmtlte or granodlorlte. This

groug la generally well monad Internally. Mlarolltle emvltles

may be developed In the central portion of the pegmatite,

Aplacement proeeeeee am loeally Intense. Kloroollne la a ealer

eselttoent and typical elements am B, Be, Mb, fa. Bn, LI, Kb,

Os. Seenomle minerals am those of LI, Be, Mb, fa and Bn.

1pegaetltee am formed at depths of * 4
IB| being oo—onl* meeoolated with small doaMs of flne-gmlIned
alaskite granite. Pegmatites am developed ae eohllemn bodies
sith numerous mlarolltle oavltlee. This group AS rich In the
sslatlles B and particularly P. Be and L1 am characteristic. It
Is this type which Is responsible for gemetone deposits.

The "depth fades" concept is an Important e strt utlon
to the understanding of pegmatite genesis on a regional stale. It
Is interesting to reflect that the rcoet complex types of pegmatites
aseordlng to Olnsbourg ouour in the intermediate depth sonee and

not iseooiated with high level granites. In soned pegmatite
4 Itriete the exterior pegmatites (the most mobile typeg) am the
eel complex. In the case of high level magnetic granites It
seeld be empeoted that, elnee such bodies on the basis of Bead a
mpemlte series" represents the accumulation of the most mobile
mMtltaemtm of metamorphlc and ultranotanorphic processes, they
ssdd he able to give rise to fraotlonates rich In the uncommon
mate of elements so oharacterlstlo of complex pegmatites. >le

peat will be dlseussed later.

r matlo blotlte-granlte
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(o) ?PPU9at:on» of the Pr*wnt Inmmtlaatlon
(1) General

The results of a combined investigation by Smith
(MDpubllehed thesis, 1962) on the regional geological environment
nod by the author on the smaller scale relationships of complex
pegsatltee to their environment justify the recording of certain
conclusions pertaining to the genesis of these complex bodies. It
la sell appreciated that a great deal more work is required on a

tonal scale encompassing larger sections of the Samara erogenic

t before a oocplete picture will be obtained which eey wel

eodlfy the fpresent interpretations. Furthermore, more time data
are r aired from particular regions, and the only meaner in which
tiln information can be obtained Is by using modern methods of
etnastural geology. Such Information can give a near complete
record of the sequence of structural, metamorphlc and magnetic
events of any particular area. It is regrettable that such
statistleal techniques are *o time consuming.

(11) Results Obtained

Smith (1961) has shown that although many granitic i i
sssar within hie area, Western Damaralsnd, South west Africa, the two
meel widely distributed types, can be related to their stratigraphi-
es: arlronment and are tﬁerefore products of fa situ grenltlsatlon

iltee ire r lated to such bodies.

11%. *
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Fro# th# field +Vldenee the following leooriant
oenoluelone can by drawni-

Tba ooaplex pegeatltea are elearlj
aagantlc.

They ai*e related In tie# and epaee to
late-teotonlo Intruelte granltea.

They eoeur In a high grade eetaeorphlo
environwent (aaphlbollte gradea

Inoreaeln{g until locallaed melting and
eoblllaatlon of rooka oeeure).

Earlier pegeatltea, generally eleple
type#, are often eynteotonle.

(d) Toward# a Bealonal Bvnlhealm of Oranltla
Pegmatite Oeneratlon

(1) Interpretation of frerloua Ut a

One uf the major dlffloultlee of trying to bring
~_atlte# into line with Read*a plutonle proeeeeee of orogeny
H the lack of time data. oat Inveetlgatlone on pegmatite
I lori lack thle, although by applying evund deduetlome it haa
baem poetulated that In other region# interior pegeatltea are
earlier than the exterior typee. Thla eort of Information la
amttleal In relating pegeatltea to eetacorphlo and Igneeua
meanta during the formation of folded belt#.

Another aerloua problem la the one of relating pegma-

*

« E # K T
mamelated with thle type of phenomenon,

g # (U) *w ,<n pF P amet t # tp KigA L*nl
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From the above therefore, it would eeee that a direct
K-. tlon between Read's granite series and the transition
free simple to complex pegmatites is not directly applicable
(l,e. high level granites do not, in general give rise to the
meet complex pegmatites).

It la of interest to note that tin and Rb-fa minerali-
sation may be associated with high level granites irrespective
of their being late-erogenic or anorogenlo types. Examples of
the latter are the ftishveld and the younger granite province of
8, Nigeria. The famous Cornish tInfields are related to the
high 1*vel Heroynlan granites.

(Ill) Composition of Parent Source of fsnatUaa

This very obvious factor has oeen mentioned in numerous
mSUeatlene. If, for exveple, a particular region is enriched in
curtain elements entirely by an effective sedimentary "differen-
tiation", then, providing conditions are suitable for the forma-
lism of complex pegmatites, these will be characterised by a
particular mineral suite. The other extreme ease may possibly
exist where conditions for the formation of pegmatites were ideal,
tat for some reason there was nc enrichment of particular elements
la that section of the earth's cruet. Under such olrcume.snces
si®le pegmatites could well appear in an environment idwre

as*lex pegmatites should develop.

then viewed in terms of erogenic events the composition

ii mused provinces" on the earth s surface.

(iv) MK PeanatllH

the unusual sle*nts.

aad
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¥rx** pyly* ererei* grenlt# composition for oommrlsoo, la not
menolsM .re” In danonatrmtlnc a oloaa eiellarltj in bulk
goglpoaltlon between the Fldlite pegmatite and it# parent
ody»

There la no eatlefactory data to suggest that
the unuaual element content of granitea andypegmatltee a
Idantloal. Where it can be em 1ibllahed that pegmatltee are
clearly related to ire”ltlo bodies. It la feasible to compare the
bulk chemistry of the two, and establish If the pegmatltle

fra tlonate la different.

2. Are there real differences In chemistry

between simple and com]plex pegmatites? Brotsen suggests a troe
difference In oompoeltlon from hie first type pegmatites to his
fbnrth type peammtltee. The depth facies of pegmatites as
swggssted by dlnebourg (I1960) runs parallel with a difference In
T'-"*' element contect. The same viewpoint Is suggested by
I Ffllle (op.olt) for pegmatites of the Keystone area. At present
It iruld appear that true differences In unusual element content

mold distinguish simple from complex pegmatites. However, #
gpeat amount of more detailed chemical data Is required.

(v) flgSIIl i Historv of feamatltea

Heinrich (1948) has made the suggestion that the
mshe [amof concentration of uncommon elements In pegmatite#
mmy have never come Into operation end that these elements are
SW -ihuted very widely In the more ordinary pegmatite minerals,
r, --mrfAe "it may be possible that the differences between

IBam It MM)a appear that basic differences In bulk chemistry *
My la fact exist, between simple and more complex pegmatites.

(a) Conniuaioai

117/ee e
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s«gl«M thle ie unproved, either beesuee of Insufficient work
employing modem teehnlquee of strueturel geology, he# been dome.
* mmw*mm cuoh greiltee are not exposed at the level of erosion,
tt is else possi%le that elsewhere conditions may be different.

Xn certain regions, however, a direct relationship of
time end epaee between complex pegmatites end late-teetonlc grsaltsi
is quite clear. These regions generally display a high grade of
metamor}fhlea, usually of the aaphlbollte fades or higher, nd
frequentIT contain yieleeea, msgmstltes sad granites. In direst
ssmtrast to this, late- or post-teetomle or son-orogenle high
level granites are not 'associated with complex pegmatites, but
say give rise to An, Cb-fa mineralisation.

It should met be forgotten that certain geologic
terrains have revealed that eeeretlon-dlffuelon meShamlama are
also reeponelhle for simple pegmatite formation e.g. Banberg
1951, 1956), Reltan (1956, 1959). In general much pegmatites are
sieed in metamcrphie grades varying from the epldote  aaphlbo-
Ilte fsoles up to the granullte fades. These pegmatites repre-
sent local "sweats" of a mobile pegnatltio "disperse phase" which
are %enerally concentrated Into areas of low pressure leaving
smb a some enriched In ferro-aagneelan minerals. It is pro*
Csd that pegmatites which are of such local origin,with reepeot

their surrounding aetsmorphlc rooks,be regarded as the oldest
and d riest types developed during processes of metamorphism
mi folding. This then establishes a definite starting point In
pegmatite genesis. The localised nature of these pegmatites end
th abtienee of complete melting of considerable fractions of the
surrounding mstamorphio rooks which formed eagnss are considered
t*m essential factors for the formation of these bodies.

In the mstamorphio rooks surrounding oluple g~ Itlo

cools

is
of

itsaorphlc

.w _ Pwueual
forming minerals
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6*®" 72 e®ta’® mlorooliiw._  Vheve ecellag tekee longer time tke
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wrious South vest African 4 ihareonzoue granite plegi hai abo«n
that the K-feldepar le elcroellne perthlte. She euggeeted that
In thi ease of porphjritle magnail gramltea the ptaanoaryata any
bar* formed at a late pegnatltle stage, in particular hathlaa

m bean eceeemed Witﬁ high level gramltea, e.g. Bpltakop,
Sreogo, Brendberg granitea la South Meat A frler and the Cape
granite. The prophyrltlo nature of theee granltea which auet
certainly be wldeepread, and thua the pegnatltle aetlom Itaelf,
fairly evenly dlepereed, Indleatee a poor degree of fractionation
of the volatile material. The abeenoe of narked concentration
of volatilea nay be due to theee high level gramltea ooollng
eenparltlvely rapidly, thereby preventing their diffusion to
Sitea of low pressure and low temperature. Instead they, together
with associated rarer elements were trapped In the ordinary
granitic minerals.

In conclusion It nay be stated that the generation of
rnm Len pegmatites ean be Intimately related to plutonle processes
Minted with orogeny. The essential factors for their formation

arel

An Interwedlate to high grade netanorphle
environment.

Ooaplemlty of pegmatites Increases with the
degree of mobilisation of the disperse phase
(granitic material ultimately becoming a

mu [ of the active eetamorphle some. This
Increased mobilisation may occur marginally
or externally to large areas of granitic rooks
resulting la Intrusive granitic and pegnatltle

L1#/."
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"JW * Wileh *n 14**[la*d ma*1 *#qw*po# of
utsn WBS presented < This 1* bneed on the oanj fine MBOMIN*
nonl erriotlon across, end also along the strike of the
te; . There ore also nues«oue Indications t:«t fneetleeotlon
nlasrol ooseebleges also takes plose la a vertical
a point which has received very little attention In
In this section It Is eropoeed to briefly review the
I tone sequence and to ascertain to what extent this Is
with the findings of Investigators la other pegmatites.

<t) gMggaighWI rmil TtltUL.dL \z0 Urlh\fc

' The tonal pattern end ties esqusnee of various pegmatite
emits were found as follows ¢

(1) Alblte-perthlte-ecuecovlte| this sons may be
subdivided Into two units1 alblte-quarte-
nueoovlte followed Inwards by alblte-perthlte-
quartt-euseovlite| Locally In some ]Il)egmatites,
a giant pertbite unit may follow the above

sequences.

(11) cleavelandite-rloh unit with quarts and

mueoovltei aeeeeeor{ minerals are beryl,
frondellte, eolunblte-tantallte and topaa.

(Hi) Li- and Ma-mlnerallsatlon; these tones show
distinct variations, but are normally syeeelrloelly
disposed about a quarts sore; where oeeur
there often Is a decided tendency for the

fe they are® capable of dverlap® they Hso shew &
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definite time sequence of formation:

- 1 tallte- “earts-alblte-BBblygonlte-
eoluablte-tantallte.

- Leyldolite-albite-quart s«

- Segnry mlblte with minor lepldollite mA
quarts.

the main sequenee of mlneralleatlen Is petallte
— lepldolite — =« albite.

cleerelandlte-beryl-eolumblte-tantallte-topes |
oleaTelandlte predominates.

quarts core; its boundary against nelgttourlns
semes may be sharp and quarts apophE/ses from
the core may cut Into the adjacent lepldollte-
bearlng sonesf eleeidnre the quarts core may
enclose marginally minerals of adjacent semes;
the albite domes of larlsbnmm definitely appsmr
to have originated after the concentration of
quarts In the core.

* (o) Pfpparlaon with Areas

One of the most thoroughly Investigated llthlum-bearlag
patites la that of Varutrlsk, In Northern Sweden, recently
ly described by Queneel (1955). 1*» ealn stagss of crystalll-

on existed
w all.

. The first was the pymetltlc atama "hen the
Intermediate and quarts core some# wre formed,

mediate seme eomsleta of an outer unit ooyeeed of
mmrta sod meeeoTlte, and an loner unit of tb# saw

*

Filer mineral assemblages.

Th".

»I»

BSE-I'LiSS 5,5+

121*..



- 181 .

A L — 0 1= = 3r N O A 0
w*lrl (] 51Ier éter!nediatersgle%lnl; wel 9» In theumoé(:)
eemtrel perte ef the pegaetltee. He feimd that the quarts eere
eemetlmee to have been replaced by alblte a# a poet eonal
phenomenon. In 1953 the same author made a quantitative acaeee-
aent of the bulk ohemletry amd the amount of raplacement In the
ildllke pegmatite, lew kexloo. fhle body eenetete of border,
wall. Intermediate end quarto core eonee amd eereral "eempoelte
emita" which ow their origin to a certain amount of replacement
Hlmerele due to replacement proeeeeea are alblte (mainly oleaee-
lamdlta), lepldollte and mueeovlte. Jahne m of the opinion that
the actual amount of replacement la quantitatively email.

In hie deeorlptlon of the eryatalllaatlom eequenee of
the Hanmqualand pegnatltea Oevera (1936) etated that the nagmatle
amd eplnagnatle etagee were followed by a number of replacement
ahmmaea- "albltlsatlon began earlier than mueeevltlsatlon or
leplilellsatlorn, wae In part contemporaneous witli theee, but
cenaed before the latter two processes were complete". Thle
trawl dlffera eomewhat from tII?at found la the Karlblb pegmatite#,

Page amd other# (1953) concluded free their Investiga-

tldm ef the Black Mill# pegmatite# In South Dakota that moat of

plaglcelace and lithium mineral# are not related to a h?/dre-

atage, a# thought by ]previous Inveatlgators, but belong

H mimgmatlc stage. though 'like other pegnatltle mineral# they
wm alee eeeur In unite farmed primarily by hydrothermal solutions

Oryalalllaatlen le aomaldered to havs taken p in an orderly
mii m free the walla Inwards,the last two sonee to form,being
illne-plagloolaae-llthla alcae-quarts and quart# core.

M s gemeral sequence ending with the quarts con fe In harmony
rtb the presen* author's findings.

E m lodes*-

lithium - and eodlun-nlnerali action may
precede or poet—date the ipjsrta core.

F " irSiT SiSH SIE sr

lepldollte.
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Tte e+cenilsl Mfuvno* of em tolllsatloB of (raltle
13H10tit*; mo OBTioacod by OiBobour* C1960) 1# ooooatii Liy BOB-
9% L1td "by the part played by alkalle at differing otegao of

o prooecoa and the appearance of volatile# during the laet
stage#". The sequence gellneated by him, frora oldest to youngest
melts is: calcium - sodium (plagloclaae). potassium (mioroelime),
lithium (spodumsne), sodium (alglte) and late lithium and
pstsselum ﬁ)le ldollte). Here again the period of albltlaatlom
irecedes the lepldollte stage. It is not clear that exact
relationship Olnsbourg considers the quarts core to here to
¢be other monos.

The above review brings to light considerable varia-
tions either in the actual sequence of crystallisation in the
various pegmatites or in the interpretation by different
tmv itlgmtore of similar features. The maim discrepancies
sonoera the degree end extent of replacement of enrller by later

i. While some e.g. Oevere and Qwenael, assign a majoi
role to this process, others, particularly the authors of the
classic m iolr on the Internal structure of the Black Hills
pagpatltes In B. Dakota, consider it to play an only imelgnifieant

(19!
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- *pi—em tio equilibrium between

el11—te-—it end

TOO - 600°G - peg—title eryetalllne phases
*00 - 30C°G - eg—told essentlall?/ eeexlstenoe
9. b 1 .of eryetalll—, liquid
- Pypepepiti eg™# mmm nlMaA*
1 - tlgM hydret—r—1 ess—tlally equilibrium
) ) bet— eryetalllne,
500 - 200°C - middle hjdrotber—1 equeoue liquid sad
eq—eu#
800 - 100°r - low hydrotbermml B ' ce.

tyerers (19)6) suggested the fellewlmg —la stages ef
mAmnrallsatlon to hate be— aetlve la the la—quelend pegmatitesi

above 600*0 - eplmag—tie —d late meg—tie
replacements

about 600 - 900*0 earlly poem—to-hirldategenle stage.
Replacements at high temperature with

the for—tlon of schorl, epeecearlte,
beryl, fhior-apatlte, eolmablte-
tamiallte —d epoduaene

about 900

400*0 - late pn— te-hydatog—Ir stage la
this etege the Frocesses ef alb tI<
satlon, —seevItl—tlon sad lepidoll-
satlon take pla—-¢

mb—t 400 - 869*0 initial hydrother—1 stage. Vela
for—tlon 1 generally contain quarts
tour—lime —d apatiite, lee—cite
T continues to form.

* late hydrother—1 stage, for—tl—
869¥0 end below of phylloellleatee esa—tlally by
l; a a

replacements.
o 0 o 0
WO - «oo#e - JJeJJta'Sr
quarts core sonee

wn>a <00 - 800-0 -

during a lower temperature

around 400 - 100*0 - Oy S1 q
nontm lllen te, oookelte etc.
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M eleerwu m6 t¥iiur*l
are the wet Important.

tee imieetpatera (Heiarloh

i-B T i& i
tance to differentiate unite into definite teweratwe
e+ Jetone (1955) In hie eueeery of the relevant literature

fvenetltee .%ointed out that replaeenant proeeeeee la eeneral
aaec bean attributed to one or nor* of the felloeU *;-

reet lic]1uid of profreaalrelj iheeqliqi
ooapoeltlon.

vapoura and their oondeneatee derived free
a rent liquid undarpoln# reeurpent boiling*

hydrothereal eolutlone fomad by direct
deaeent free the reet liquid.

hydrotherwl eolutlone laelaelble with the
reet liquid.

liquid or gaaeoue eolutlone derived free
aoureea outride the pegmatite body.

. The aaee author favoure the 'V.iew that replaoeeemt taker
E mainly me a raault of the nativities of eondenaed vapeare
g

by reeurgent boiling of the reet liquid. Jatae (1959)
t Ia quantitative latiaete of the amount of replaoe

gew that took pleee In the Pldllte pegmatite and aanaluded that

mine
# o> . .
leal atagaa of the entire pegmatite prooeee

granitoid (border tone)
aone of graphio granite
pegmatold aone
cor# margin
alkali replacementa

core mm In products

alteration producta
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*od th# loeer ren”e

WI1Wlrng fl«rit; rtlliiwe) end flgallv th t
»&tti« »t a*ul no®cv aally the querte core eme

Reeent la b o r *7 experiment# have thrown considerable
light on pegmatite erjes lllsatlon. Ruiechaa *nA Jaime (19 2)
have ahowa that pegaatltlo melt oaa dleeolvw a# much a#
U) «* 679°C end ID,000 hare. The Influence of water on tl!*
efyetalllnation proeeeeea haa alwa/a been eoneldered an Imjertent
factor bj ell pegmatite laveetlgatora. Thle water however, la
prAetly oonoentrated Into the residual pegmatite fluids, the
eeroeptage thee eteadlly Snoreaalng with the time of crystal-
Maetlem (aeeumlng a Olowed system). The relative water content
meet obviously leave It# 17rlnt on the minerals formed at
eeeoceelve stages. A considerable amount will be Incorporated
In the hgndroua ellleatee of which aloaa are the most Importset.
leme w1l ir must be required to keep the final residual fractions
hi a non-cryatalllne state; thle will be released only after eon-
um to the crystalline state. Numerous vugs, dnieee etc.
evldenee of the presence of water. Mb quantitative data
nraflhble to give a rough estimate of the amount of water
eased; the practical difficulties in obtaining such
i obvious. If the system Is not a coupletely closed one,
same of the water may escape Irto the country rook.

A serious problem that remains Is the nechwalen of
quarts In a non-crystalline state at low temperatures,
tOO™ as estimated by Brotsen. This author suggests that
Smeraaaed activity of OOg way play on important role in this

Jaime and Burnham (1961) have suggested a model of
rvyetalllsatlon for granitic pegmatites is based on a

threefold sequence 1-

orystalllsatlon from a crystalline melt
yielding granitoid pegmatite.

crystallisation ooncoalttantly from a

[ J"PESSSF

ooeposltlon.
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In ible Motion mnstteept Im mmde to explain the
field nbeepwatlone alreagiY deeorifeed la detail, in term# of the
ourrent rlewo on pegaatitlo end petrolrileal
pgpooesMe.

The followinﬁ })ointe are opmeldered to be Important
with regard to the larlblb pegaatitees™

1 The ooeplex Li- and Be-beerlng pegmatites are
eryetallisatlon produets of a aagaai they represent fractionates
ef late-teotonlo Intrusive granites eaplaced into a region of
moderate to high grade netanorphlen.

(11) TheM pegmatites appear to have eryttalllM d under
eleeed or reetrloted system oonditlone. Kany of the bodies oeeur
la Aolomitlo marbles and at the level of exposure reveal very
little wall rook alteration. It is surprising that two Incom-
patible phases such as a silicate magma end a doloeltle marble
reveal only very narrow tones (inches In width) of reaction
bam (trenollte, eoapollte, dlopalde). furthermore the Oa
of the plagloolaM S praetloally nowhere attains the
ceneesltlon evéld of oligoelace (page 98 ) InHeating that mry

U tile envisage took place.

The phenomenon of very restricted skam formation

Tenter and VeAoogen, 1960)*
aCakg(C03 )g ¢ SiOg * 2CS008 ¢ *g2S104 ¢ 200g

20%00} ¢ 810 Ca810) ¢ CO.
itlie

rwiD

m .qulr.l«t to .bout 10 - » ku iepth. (Tumor md

Hi Diecen 1999).
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mhow! !m graatly dependent on the rate of cooling and the final
proportion of volatile# In th» reeidual melt. It ie to be
eapeoted, therefore, that Blot In comparable envlronnente of
temperature and preeeure will have a strong Influence on the rate

of cooling end coneequent fractionation. It le veil aprreelated
that thle ie not the only factor governing fractionation.

(It) The eryetalllsation eequence of the Karlbih
pegmatitea which ie repeated fairly often from one i*dy to the
next indlcatee a fairly uniform eet of thermodynamic ooneltloae.
Furthermore, there le the very important fact that fractionation
particularly of the later lithium and eodlun etegee may take
place in a vertical direction. Thie haa obvleue eeonomio and
ganetlcal eignlfloanee. The following oondltiona are thought
to have controlled the development of the Karlbih pegmatite#.

mlhe flret etage of eryetalllsation le

one In which coaree-grained granite la
formed, the main eonetltuente being
felepar (alblte end perthlte) qjarte end
nueeovlte. eryetalllsation probably la
"magmatlo" In that the mineral componente
eryetalllsed directly from a ellicat# malt.
Locally In some pegmatite bodies eubtle
interplav of thermodynamio conditions
resulted In fractionation of thee* mineral#
(variation in initial partial preeeure of
water, temperature end pressure). This stage
closed with rather special conditions
represented bﬁ the increasing stability of
perthlte which may develop an Independent
unit, vie. the activity of X Increases;
giant crystals are formed; the «*7ftale
are concentrated in the hangingwa*l side

State
that perthlte le often concentrated in




e las -

mlenlfleant, being Interpreted M followei-

(6) mlose ere unable to fore ae erretalll-
eatlon prooeede, their ooaponente

][:)heﬁl:ngelglodll}l/giarl Si((li*and oonoentrated In

The eubeequent eonee are llthlua-bearlng,
Indleating that the oonoentratlon of H we
achieving orltleal proportlone. Sllloa we
aleo being oonoentrated. Concurrently with
thle effect of oonoentratlon certain unusual
elementa precipitated together with fie
olaarelandlte in the fore of beryl, ooluatolte-
tantallte, Pe-Nn phoephatee, topas etc.
Critical oondltlone euet have prevailed;
theee unusual eleeente wre unable to fore
stable oceplexee with the alkalis In the
residual fluids end wre thus ellelnated
while the alkalis were being stabilised.
During this entire stage ooaponente of the
oleavelandlte sons wre able to reset end
replace pre-existing consolidated phases.

The next stage Is marked by the appearance of
lithium- and sodium-bearing minerals which
show a systematic special relationship about
the quarts core. hatever the actual state
of the latter It must have been fairly wll
segregated at this stage. It Is thus
envisaged that a complex series of fraction-
ations took place. he essential element
diffusions are Illustrated in fig. 49.
Although a certain amount of over-lapping
may take }I)lace In the crystallisation
sequence It Is quite clear that petallte Is
among the earliest minerals to form and Is
accompanied by aeblygonlte, minor alblte, and
guarts. The petallte and aeblygonlte tend to
evelop giant crystals again requiring rather
specialised conditions. Furthermore a rather
effective means of fractionating these
componente from the residual system Is
necessitated. Possibly a gas phase was
Involved, particularly since the first-formed
petallte is found In the upper portion, vis.
the hood of this some. It appears that under

massive units below the lepldollte.

129/
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Undar condition* of steac“ly mountin 3ap0ur
proasur#, eondltlona for replacement mould be
mtihnmoed, and the Increasing water contentm
with addition also of K, of which certain
quantities must have been taken up Into the
residual fractions by the replacement of
nleroellne perthit* Ky alblto In the earlier
formed tones, would then convert the anhydrous
petallte to lepldollte. (The footwall region
at Rubicon contains very little petallte,
probably due to Its eonverolo* Into lepldollte.
Tt Is of Interest In this connection that

at Helicon I a small Isolated body of petallte
was found within the lep.'.dollte-alblte ton*).

The residual fraction of the pegmatite after
this stage consisted mainly of the compon-
ents of alblte, silica (already segregated)
and volatile*. Another build u 0% vapour
pressure probably enabled the alblte
residual fraction to behave dlaplrically
Intruding already consolidated surrounding
rock ty»*a as so strikingly demonstrated at
Karlsbrunn. When the vapour pressure was
rapidly released the underoooled alblte fluid
crystallised Into a sugary alblte rook.
During this stage of extremely high vapour
pressure, already consolidated unite,
especially the adjacent lepldollte ores,
could be fractured to produce the very common
brecelated nature of the latter. This
fracturing could bring about the rapid drop
In vapour pressure of the residual system.
In other oases lepldollte and alblte may have
separated out so close In ties that the
lepldollte mush became permeated with alblte.

In* the vertical fractionation observed In
go many of these bodies. k& Is quite le-_
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evaluated at our present state of knowledge.

Be rich fluid also contained those elsasnts
not Incorporated In silicates formed at
previous stages or which were able to form
minerals of their own, e.g. Cb, Ta, Bn, 01,
Cs, Be, Betc. These now crystallised out
In specific characteristic minerals together
with oleavelandlte which clearly replaces
ani veins the lepldollte ore gone. able 1
suggests that this stage is particularly wall
developed In those pegmatites where these
elements were not stabilised at an earlier
period, I.e. preceding the LI- and Ma-nlneral-
Isatlon. (A basic difference In the behaviour
of the unusual elements thus exists from one
pegmatite to the other. A comparison of
Rubicon and Helicon 1 Illustrates this
phenomenon). It would seem that very slight
changes In the pegmatite system determine
whether the unu»ual elements are concentrated
with alkalis of the residual system which
ultimately give rise to the LI- and la- units
or whether they are unable to form complexes
with the alkalis and then form minerals of
their own. Olnebourﬁ (I960) suggests that
the stability of such complexes Is determined

variations In the pH of the system,
aight variations In pH might therefore be a
deciding factor as to whether mineral
assemblage forms befor* or after the Li- and
ma-nlnerallsatlone

The quarts core is E)robably the last unit to
eonsolldats. This Is quite a startling sug-
fcation as it is difficult to understand how
t would be possible to keep quarts unconsoli-
dated at low temperatures e.g. 300*0 as
suggested by Brotsen. However, the authors
findings am in agreement with Brotsen %1999)
See page 121 . That small amounts of fluids

1/X1

bismuth and associated minerals.
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Showing field relation# of pegeetltlo
end quarts bodies which are pre- or
syn-tectonice



Fig. 2a

FIG. 2.
*»b Area 1,

Fig. 2b

Fig. 2c

1 *
Pole* to foliation and axial plan* 93rlé§1nt ),
Cent>ure at 1,2,3,4,5, 10 end 15 point. P*r 14 .

2b* Lineatlon plot. (100 point*). contour* at 1,2,3,4,5,

"

end 10 point* per 1% area.

" “r. ’n?L

to eta 1 tleally determined maxima.



no. 3.

Sketch ehowmg relationship of Lj llneatlons
to Lg llneatlone as found In the field.
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folee to foliation 171 polnta).
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Fig. 5 1 Fold llebs and axial planes having
essentially the same orientation.
Banded Ilmeetone-blotlte schist.
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Pig. 7. : Small tension Joints developed
?erpendicularly to the llneatlons
n a competent blotlte schist
Intercalation In limestone.
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FIG. 16.

These photos illustrate the permissive
Indtroductlon of pegmatite Into banded
limestone blotlte schist. fhe ollallon.
are quite unaffected by the pegmatite.
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PIG. 18

A highly corroded perthlte oryetel
In « matrix of alblte (dotted),

uraxing firom a photograph.
Scale 1 In. - 1 fte



"Nucleetlon" texture eaueed by the growth
of alblte (dotted) end then aueeovlte
(striped) and quarts (white) about a
nucleus of partly corroded perthite
(crosses). Drawn from a photograph.

goale 1 in. * 1 fte



Beryl (wavy streaks) and eolueblte (black)
occurring In alblte (dotted) - quarts (white)-
muecovlte (striped) assemblage.

Scale Ins. = 1 ft.

FIG. 21.

Scale 1 In. s 1 .



Scale — 1* 2.5



Scale 1 In Lh ft’



Showing an undulating vein of lepldollte-rloh
rook (dotted) lying ?n alblte-rlch rook (white).
The epeokllrg repreeente varying degreee of
lepldolltf concentration In the eugary alblte

phase. Drawing from a photograph.
Scale 1 In. —3 ft.

FIO. 25.






Showing blocks of pure le]fldollte (blsok) lying
In a matrix of sugary alblte (white) with varying
proportions of lepldo'lte (speckling). Folded
structures reveal that movement has taken place.

Drawing from a photograph.
Scale 1 in. * 2 ft.

FIG. 26.
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FIG. 33 a.
Scale 1 In.= 3 Ine.
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FIG. 38
An example of a well exposed alblte dome (unit *)

with a capping consisting mainly of quarts (3).
For a full description see the text on page 61.

Scale 1 In. =3 ft.

FIG. 39.
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