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g"OCCUBMmca

OF PHOSPHAiae m  P101iATH» BOmiiB

iMjm& zouTPAnstrao UETMCT oy mu MOTHIIO TKASEVAAL

General
Summary
of the
nature

& Dlm-
tributlon
of
phoephate
ooourrenoee
throughout
the world.

The main eouroee of phoephate in the
mineral world are Apatite and Phoephorlte,
the former a ahlorlne and fle“rme bearing

orthcphoeihate of lire, and the latter a

m&aelve or earthy variety of phoephate of
lime of variable coepoeltlon and with many
lapurltlee. Aioephorlte beare the aame
relatlon to Apatite ae llmeetone doee to
Caioite.
AfiElllt ia a very oeaaion eenetltuent of

all igneoue rooke in whioh it oeoura in tiny
normally, an

well-formed oryetaie. It le.

aooceeory mineral, usually one of the flret

to oryetaliiee. The er.al] pereentage of

p2°6 In th* “nalyeea of meet igneoue rook le
due entirely to apatite.

OooMonally a considerable quantity of the

mineral oooura aaecoolated with pegmatlt i
bodies. The apatite le probably of primary
origin. At Kragero In Southern Kriway,

and in the Provinces of Quebec, Ottawa and
Ontario in Canada, apatite occurs in this

manner. The pegmatite le Intrusive in

ancient



violent gneleeio rooks. Both the Borwegter and

the Cenedler reeeeble the Northern Tranereel depceite
in many features and will be described later in this
connection.

In India, apatite is abundant in Mica
pegmatites near Kodarma in Hasanbagh, also in Bombay
and in the Manganese sines of Madras. In all of
these it is neglected as a waste product.

In the trachytes of Cabo de Gate, reins and
dykes of apatite occur in much treeoiated rooks.
The surrounding rooks too are Impregnated with
apatite reins. These are attributed to post-
volcanic action.

In Alpine talc and chlorite schists, apatite
occurs in well formed transparent crystals filling
druses and clefts.

This is due to lateral secretion.

In the roloanio breccia of Monte Gees,a apatite
occurs partly as an original aagmatle deposit ani
partly as a result of secondary pneuesatelytlc
action.

It is ooedBonli associated with metaliferoue
reins. In the case of pnevstatolytie tin deposits,
apatite is an almost constant associate of
oaeciteilte, wolframite, mlepiokel, fluorite, topaz
and sinrwalllte. It is found with tin ores in

Cornwall.

In granular, partly metamorphosed, limestones



in the neighbourhood of magnetite and other iron ore#
it oooure in email vein# ati pockets, aometimee la
glart crystal# e.g. Heraay, finnlard, Canada, Hew
York, Hew Jersey, ctc.

Most metamorphosed limestones contain a certain
percentage of apatite crystals, e.g. Lulu Hop in
Northern Tiareraal where the crystale form in place#
a# much a# 1# of the rook.

The more heterogeneous
phosphorite la of much greater Importance commercially
than actual Apatite, because it ooovxe in much
greater quantities and 1# more easily mined. To be
of any oommerjial value, phosphorite should contain

trlbaeic Calcium ITiosphate. But so much high
grade rook la available, that the standard demanded by
manufacturer# and consumer# is very high.

Lower Grade 50 - 60jC Trlbaeic aaloiun phosphate

Higher - 60 - SOC s e e

Apatite dissolve# with difficulty m water, and
is usually converted into superphosphate by treatment

with weak sulphuric acid, .afore being sold.

Cm3 (P°4> > 2 n*60* e (0e H4(P04)2 A 904)

Superphosphate of Cemmeroc

CaCcj, fe203 and AlgOg are oesmaon impi rities.

The last two are especially detrimental to manu-
facturing processes. Rioephatee are therefore
usually sold under guarantse of not more than of

these impurities.

Phosphorite



Rioephorite occur* in direr** geological
formation*, in aohlmta, eandetone*, limeetcne*, marl*,
delor.ite* and cbelk*. Matoeommtlo depoelt*,
concretion* end *p: ing or marine depoelt* are common.
The rook may be of organic or inorganic origin.

The principal depoelt* are in the United State*,
Sorth Africa andcertain Pacific Ieland*.

1. The most important type forme extenelre bed*
replacing limestone in sedimentary deposits, e.g. <he
United State* (Florida Tennessee, and Western State*),
the North African (Algeria, Tunis, Morocco and Xgypt,
the Palestine deposits) and se.eral minor ones.

The United State* produce* 2/5 of the world's
supply, but most of it 1*¥ used in the country. In
Florida the deposit* are of two kinds, (a) hard rook

phosphate of Ollgocene age in huge irregular masses

embedded m a matrix of sand and clay. The whole
is underlaid by a bed of limestone. The phosphor? to
1* guaranteed to be tribasic ealolim phosphate.

(b) land pebble phosphate of Pliocene age. This is
a collection of phosphatio pebbles embedded in the
oame matrix as (a) and probably derived from it by
denudation and re-distribution. The Florida deposits
are believed to be due to secondary enriechment.

In Tennessee, brown and blue bedded deposits
occur in phosphatio limestone of Ordovician and
Devonian age, which are probably due to original

sedimental ion.
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In the Western States, important deposits occur
p p

«* . rro''-
In IdAhof Utah and Montana In limestones of

ee’i io/.ofc
Carboniferous and Perr.lar age. The Idaho

*no/ *eirnoo
phosphorite is oolitic and of tresendous extent,

'we» Wrn - err® o ) )
thrueande of millions of tons being held in reserve.

The Horth-Afrloan deposits are next in
"iTHA din% Importance. These occur in a belt running free the
1 Atlantic to Asia Minor. The llorrooan, Algerian arid
Tunisian deposits lie chiefly on the Northern slopes
of the Atlas Mountains, and they are continued
rtfxM Eastwards in Cyrenaloa in some low grade beds
which lie nearer than any of the others, to the sea;
orfT these are followed by the Egyptian, and finally the
*d ,vm Palestinian deposits.
In several parts of this belt the difficulty of
Idn > a transport has mads mining Impossible.
In Algeria the deposits are in Upper
Hpplbn, a: Cretaceous marls and Eocene limestones. The chief
workings are near Tehees*, where phosphorite occurs

“detavs al
in baein shaped deposits composed of five separate

jorx* 1 (d)
beds of which three are workable. The thickness of
t#oeflou ®
the beds varies from 1|> - 9. Vast resources
Li** =«
exist.
eib .
) In Tunis, which produces, after fierida, the
utXe/ ai» greatest amount of phosphate in the world (more than
3 ”
il two million tone in 1913), the deposits resemble
at xuoo closely the Algerian. The phosphorite occurs as
natnoreQ' extensive lenses up to 10* thick in middle Eocene

rooks.
At
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At 3a»en, the chief mining centre, the
phosphorite rook averages 60jC trihaeio oaloiun
phosphate.

In Egypt the ohief ooourrenoe is in Bafaga
district near the coast of the Red Sea. The Beae
form part of the infilling of a Laein-chapei
depression in older rooks, the deposits themselves
hsing of Upper Cretaceous age. They are
inter!sninated with grey clays and chert beds. There
are several other fairly extensive beds in the Bile
Valley.

In Palestine, very extensive deposits are

found in the neighbourhood of Is Salt, east of the
Jordan Valley. Here two type* are found

(a) Plateau deposits extensive and tillok, as
much as 10 metres, averaging tribasio calcium
phosphate;

(b) Rook deposits averaging 66% but

carrying up to &83%,

Minor occurrences of bedded type are found in
New Zealand in the Milton district, and in Germany
near Nurenburg. This latter is the only source of
phosphorite in Germany, although that country was,
before the war, the biggest manufacturer and consumer
of superphosphate.

The second important type is connected with
Guano deposits. In regions of heavy rainfall,

phoephaiio matter is washed out of the Guano into the

underlying



underlying rooks. Where these are of ooral
limestone, they are almost entirely metaaomatieed
into jhoeph'irite. The main ooourrenoee are:-

Qoecan Island, one of the Gilbert Islands where
the rook is of very high guilty. On the central
table-land the phoephatio deposit is 50* deep and
a“aragee 8uf tribasic oaioium phosphate.

Mauru Island. Phosphorite oooure In surface
depositt, scattered over the whole interior of the
island. The underlying rook, hard coral limestone,
has been in places much denuded. It remains
standing in high p nnaolee between Vhloh lies » deep
layer of phosphorite averaging 85-86". hie deposit
holds 80-100 million tone in reserve. These vast
supplies have only to be quarried and transported in
lighters to ships.

Assumption ialartl. in the Seychelles, and

Christmas Island. 190 miles south west of Java
in the Indian Ocean, have similar deposits,
averaging 807,

The third type, beds bearing phoephatio nodules,
at one time furnished great supplies, but now Je of
little importance. The-c wer chiefly European
ooourrenoee. In the United Kingdom, in the Upper
Greensand at Cambridge, there is a bed, 8-12" thick,
of dark brown nodules of oalclw< phosphate. In
Suffolk a similar bed 12-18" thick was mined for some
time. In Belgium phoephatio nodules occur in clay,

and as phoephatio chalk in eretaoeoue and tertiary

rooks. In



In Frt.nor, *tmlla.r I'"* grade photphat® 1* found,
but now is only used loc » the French practically
'ontrol the North African deposit*.

In Canad*., in Quubeo ar.. *va Soo*ia,
ooprolitlo bed* are worked, and in Manitoba and
Alberta, low grade hard blaok phoephate oooure.

In India near Pondicherry, a bed of blaok
phoephatio nodule* is worked in Cretaceous rook'
at Trichlnopoly in the United Province*, nndulee of
phosphate and phoephatio rook occur in a bard of
shale at the base >f a chert bed. The latter
occurrence is of higher grade than is wusual in this
type ¢f deposit, carrying as much as 75jf trlbaelc
Calci mo Phoaphate.

Small quantities of high grade phosphate are
obtained from caves and some oceanic islands in the
form of guano, but do not effect world supplies.

Occasionally Greensands containing much
glauconite, a hydrated silicate of iron and potash
with acertainamount of phoephatio water, are used
as asource of phosphate.

Massive aluminium phosphateoccurs in appre-
ciable quantities on the Island ofRedonlain ¢'*
West Indies, and at Saldanha Bay, Cap* Province.

South Africa has very few phosphate resource*.
Vast tracts of the land are of use only for

agricultural purposes and the deficiency of phosphate



is therefore s eerioue problem.

"-h* Saldariha ?"y deposits are the most
I~po'tant. They ooour on parts of the Peninsula
wti.toh -ere at one time islands inhabited by seca
birds» Both phosphorite and aluminous phosphate
are found here. The phosphorite oooure on the
southern side of the Peninsula and is the result of
the phosphatisati on of boulder bearing shell breooia
by solutions from guano aooumulatione. The average
percentage of tribaeio calcium phosphate is about
77;C. The deposit if not very large and is attended
by great mining difficulties; for these reasons it
is not used.

The aluminous phosphate deposits ooour in two
places, (a) on Hoedjes Bay peninsula, and (b) on
Oude Post, on the Southern Peninsula. The former
is due to the phosphatisation of granite debris, and

a
in part granite itself, from whioh the AT na is

derived. It is dark brown in colour and is fairly
extensive. It will probably be found to be
continuous along the whole raised beach area. The

highest PgOsC”utent hitherto discovered has been
26, 37". (b) This deposit is much larger than (a).
It is haider and contains mere quartz, but has a

higher PgO" content m 32.63". ~e origin is

essentially the same. Phosphati0 deposits have been

reported



reported from vé&rioue p%rt* nf this noeet, *nd say
prove of value.

Other depositH occur in the neighbourhood of
Weenen, where email qué&ntitlee of ph&ophate occur
in impure limestone* jnteretiatified with Karroc

shales. The PgOg constitutes only about of

the rook so that it is ofno value except locally.

At Lulu KcD in the Eortherr Iransvaul, a small
percentage of apatite crystals occurs in
metamorphosed limestone.

Phosphate deposits are known to occur also in
South West Africa at Cape Cross, Worth of Swakopmund,
in the Kuruman and Kenhardt Districts and in Bird
Island, Algos. Bay.

Bone of these is important.
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The largest deposit of apatite know

in south Africa

is the property of the E.A.Phosphate Exploration E)ndioate,

1td. They own 15 farn.s in a belt of country running E-W,

east of Bandolier lop, on the Pletersburg-Keeeina Pail way.

The fan a are:

Vlilegen Bar
Diepgezet
latsohappe
Kruisfontein
Epelonk Vater
Kwartfontein
Zekoegat
Fohaapkraal
Fypherfontein
Kid il efontein
Kahiiashoek
Uiteaohut
Driefontsln
Duikerehoek
Poepbaoh
Grootfontein

2623,
2613,
865
510
927.
135,
1375,
2622,
2619,
176,

m e.
2616,

16,
1631 ,
1798,

17.

Apatite has Veen reported fro& all

have Veer actively exploited.

of these tut only three

The 3 ferr s referred to adjoin one another and are

rpelonkwater (927); Pchaapkraal

(439).

(451);

and 1'ahilsehoek

Fpelonkwater is about 7 miles froa lendolierkop

Ftatron in an E.K.E. directicn on the lain Road froc

Bandolier Fop to Elio, which passes the North boundary of

all 3 fair »r.

The n.oet. prominent feature

(see nap).

in the district 1* labile*

Fop, on the top of which the beacon rarking the Junction of

Fohaapkraal and lahilaehoek

is

placed.

From,kthis Kopje

a very extensive view of the country for namy miles in all

directions is “Vtnined.

Looking northwards fr<*

stretches flat and bare.

A few enall

thA kopje the country

but prominent kopjes
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are the only relieving feature*. Theee are probably
gneieric, like l-ahilaBkop itself.

ThisI flat etretoh *e ends about 15 cdlee to tlie north
where the foutpaneberg form, a prorinert range running E-/W.
This range 1# the escarpment of the hard Vateibeig
quartzite*. The town of louie Triohardt lies almost due
north at the foot of theee mountains. Fee Plate II fig.l.

Towards the Went the plateau stretches unbroken but
there are more kopjes of which bandolier Pop is one.

In the fi.W. the country begins to break up and becomes
core and dore irregular towards the F.E. The hills and
valleys fold into one another j* as far as the eye can sece.
This feature is so pronounced that it is known as the Valley
of the Thousand Hills. The Klein letsba river runs
fror W-E through the region, and its tributaries are
responsible for dissecting the country to this extent, for
on either side, furrows have been out from the hills down to
the I.etaba (Fee Tap and figs 2, 3 and 4 on Plate I1).

As might be expected there natural drainage has
determined the topography, the trend of the geological
structure has been rasked, but a certain parallel ism of
chains of hills i»=s from K.F.T. to E.N.E. indicates that
the gneieeic bands run in that direction. Judging from
their similarity in outline to liahilaekop the loose boulders
which cap several of the highest points are gneiss.

Eastwards from Xn+ la* Pop although only hilly
country is visible, the altitude decreases rapidly towards
the low country. Generally the valley is enveloped in
mUt in the roming and evening so that even the highest
arong the thousand hila is invisible. It is part of the
mist belt, the high rainfall of which is responsible for the

varied relief.
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The iA>oaphato depoelte Its B.B.V. fron, leAhlla'a Fop In thl
trareiticn zone between the plateau and]ow oountrlea. Thim
zone la increaeing In elze. At present a line drawn F-W
through Mahlla'e Fop 1* roughly the waterahed although it
doe# rot fonri a oonsplououe ridge. The etreac * however
whioh flow to the mouth are far nore rueerou# and the
gradient eteeper eo that they are beginning, by head eroeion,
tc capture those whioh now rend their way in shallow
depression# eoroe# the aln.oet flat plain towards the north.
The vegetation 1# determined by the amount of water.
The thorn tree 1# ocnepiououe everywhere tut along theriver
ooureee a more luxuriant type flourish##. Scattered
euphorbia tree#, large flowering tree# and numerous creeper#
introduce thatvariation in scenery whioh is so lacking in the

Fuahveld farther south.

Unlike the occurrence# of eedimentary phosjliate which
furnish Bo large a percentage of the world'* supply cf
pho#ph*ite and whioh occur in cooperatively young rooks,
the K.Transvaal apatite occur# aecaoelated with the oldest
reoka of B.Africa. Th# distribution of the rock# and
the direction of eohietvsity and banding in thee, indicate

that the structural trend of thi# part of the country 1#

froe E.K.B.* tf.F.F.
South of th.7outj.nifc.rs, "hioh t. th. ..o«p lL.nt if

w.t.rt.rg 4U .rt.lt.. olo.lH* th. . .. to th. north, 11« -
fcxo.d fe.lt of « . . « 'y e gn,l“
rook. .ho. dlffr.nt of fc«dlns «"‘=f «*«>«» «.

nr.S.1.H .11, in do.orlfcins th . In hi. l«olr on Corundu.
jo th. ». «d S.T»n.r»l. .US*..!, th. "wiM I1t] or .

difference
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differeroe in age, and that the z.aeeive granite ie
intrusive into, and ooneenuently younger t>wi, the Landed
greiaoose rooka. All these granitic rooks however, ere

at.nresen claccified a _Older Granite- forr atinrv _Rath
tne raseive Erant te and the greise in pluces, forn Fopjes.

the ecassire granite and the gneiss in p_l_a__c_es,»'iorﬁ 'Kdﬂﬂgp.
Kshilaskop and the other .mailer Kopjes in the neighbourhood
of the phosphate nine are oorposed of gneiss of very
dark, ooarse nature. This will be described later in
detail. Larg; llohen-oovered boulders, quite fresh
inside, cap the Kopjes. On Plate III. fig.3 a photograph
is given of a granite kopje a few miles south of
Bandolier Kep. In appearance it differs vastly from the
gnei sale kopjes.

South of this belt which ends in the neighbourhood
of Kahila's Kop, lies a rone of basic schists, interleaved
with coarse pegs atitio veins and occasional bands of .axd
gneiss. The strike of these rocks follows the structural
direction,i.e. E.N.E. - K.F.K, as does the banding, in the
individual layers. The dip is towards the North at
varying angles. It is 1r this complex belt that ehe
phosphate occurs, associated with pegmatite veire. The
belt is from E-3 miles wide, and is flanked to the Fouth
by gneiaelo formation. Nun erous diabsuie dyken have been
intruded into the recks already mentioned and run in various
iirections, E-W, NI-FW and FE-NW. These are verj uniform
in character, being fresh, fine grained, bluish-grey rooks
with very marked Jointirg , which gives thee a slatey
appearance. In the bed of the etre*# , south of the main
phosphate occurrences, this dyke rcok is well exposed, for
the strfan crosses a large dyke several lives. In a shallow

trench in No.l working a small dyke outs across the banding

of the other formations (See Pi vte III fig.fi* -
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Thena dykes ae & rule, font; straight ridges, tut it
Mahilae Top vioinity none cf those noticed were Dore than
a few feet above the general level of the country.

According to Dr.A.l. .Kali they are probably of Post Transvaal
age.

The Fchists were unfortunately only studied in the
phosphate workings. No other exposures were seen. In
these localities they rust have been effected by the pegmatite
intrusion.

Pegmatite, The pegmatite veins, although very u.uoh
fresher than the older granite, in all probability represent
the last phase of that intrusion. Their distance from the
Pal abora Plutonic Complex with whiol the very coarse
p.ioa-oorurduc; bearing pegr.atlte is associated, is too great
for a connection with it to be probable.

Apatite occurs chiefly in. i*gr atite as bands of
passive apatite or as perfect hexagonal crystals embedded in
a vMte very pvroue rook which proved to be chiefly barium
sulphate and which itself occurs as lenses and veins in the
pegmatite. Another important source of phosphate is +he
zone of mixed rock, made up of more or less equal proportions
cf feldspar, apatite and schist which usually lies tetvsen
the apatite-bearing pegmatite »nd green schistose rock.

It IB necessary to give a general sketch of the rocks

which characterise these deposits, though a detailed

description will be reserved wuntil later. They
i groups
A. Pegmatite: (@)) Norral graphic,

(ii) Riosphatic.

I. Porous hock,

C. Fohlst: (1) Hornblende,
(ii) Mica.
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>1) Lif-ILftLJ8L:~1115 IB usually a graphic intergrowth

i'r iy’ of Pint and w “~te feldspar with “uartr. Apart free
T tren o cloudiness in the ftidaia.r the rock is fairly fresh. It is
never seen in direct contact with phosphate.
3 (ii1) PISSirm? pgFrAtil£: Thla. as a rule, is not

graphic tut is a coarse-grained aggregate of lark grey-tlue

tow e>*tticorti quartz and feldspar, which shows alteration in several

i15COI respects. This is evident chiefly in the colour which
-aoleuitni instead of pink or white, is luff or nauve, soretlnes deep

purple, or tright green on cleavage faces. This pegmatite

g#ff) ier<an-t is always found near phosphate. It is still a cce.peot rock,

Arti tiM1 " despite the alteration. Or analysis the presence of

sejp elo fei# phosphete is ale*.* found, though not in large quantities, use

Uttlc "Ui0O-k’~ i1 * usually [j£.

roemor * 7%
Zt~E°£m.z+L<$-

N* <
This is ar extraordinary rock. It han the
-wtaeer,
appearance of being ar aggregate of skeleton fe.depar
Xi et"'ev e

crystals which >iad Isen kaolirised. It is very white tut

bn* eterki L m
iron '-'xide has teen leposited in the hollows causing the

csftfi* n* i . ) ,
red and white granulai rock to tear a carked resentlai oe

>e-in lc) eft'ta

to tauxite. The rock is, as might le exneoted, very
, x*4ei>let *lo . .
friable and crumbly. It carries large, well-forced,
hexagonal crystals of Apatite. On analysis the rock was
n /tl found to be chiefly tarivo sulphate with sore oeloiua
S¥IP'fR "0 iiw
sulphate.
cotAtosa*.
{F.aa»S .4 (I) Asoft, greenish-yellow, friable schist, composed
chiefly of hornblende, occurs in large todies near phosphate.
; li (IT) A Mica fshift oe.posed mainly of flakes of
:fsi 09 .3 blotlte and altering hornblende often carries a large

percentage of decor posing feldspar and quartz grains, In

definite layers. It adjoins m nral pegratite and

represents



repreeente AT aleor”t'ion of pogLatltlo oonetituer.te by

*ohlet. (i) and (II) are protably different B.ainlfeetetion*
of EOtaBorpMsiT of th* rook.

(1) Mixed Fook. Thirt ie a B.Ixtu»e of pegs.atilt.
apatite and eohlet in raiylng proportions. It is foux>d in
endless varieties of texture colour hardness etc. Eonetlnea
the porous rook contributes to the aggregate.

(li) Massive Apatite.
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aoi'f /Ta» W re sd«,, e
* ok 1 iwi <i) . f. i
3-1 eive ® ¢ tr i~ Xcne «
The chief occurrences a re or the 3 fan, e, fpelonVwater
(9?t); FchaapVraal (45:); and Lahilachoek (439), which
X -i.'T . .

p-ere the only cnea examined. (See Plate III fig.i.)
inx 4iev 'j #ei-'o>t /. ) )
The larges) wcerking la on the fart EpelonVaater. It ie

r #.-» ,a
called So.I and is on thelF slope of a kopje. This is a
7 <efu deox -n/oi-j « stall ojper. working ahout 10'0Wdeep, with several trenches
-aJlIATA “eviaa. " f-j) radiating from it. On the S wail of ‘?ﬁﬂgg a hody of massive
L. <dlatite is exposed with pepatite foot wall ard echist
uet s1 hanging wall. It ie several feet thick and dips steeply
to the North. A vertical shaft 33" deep has teen sunk in
si ef-"iaortq this open .uarry, and at its Laee an irregular 50'0" drive
>1 trinue has teen cv towards the north and a scalier one to the

Fouth. fee Plate IV fig.l, The walls of the shaft
aie corposed entirely of decce.posing norral pegeatite
except at the taee where the southern drive cute through a

tody of schist. ?he la+tei shews perfect siheroidal

rfoi-" »/jitecx- . . . .
weathering, due to reter.orphiea- ty the surrourdingpegt atine

irf t K 1t %
cut etxx- «W (Fee Pints IV figs ? and 3).

The 50" Northern drive is cut chiefly through schist

.eMix-Ai o* . . .
with tarda of peeratite and low grade mixed phoerhate rock.

F*rinrere of fairly pure apatite occur also in the hornblende

(,io lenosB**

schist. Beriun eulphnte rock occur* in isolated scsll
It eJ o patches ir. the pegrati *¢ tut always rear to a tod, of
apatite. It is not fo*Ad in tig zones hire as in lo.IlIw"in)

At the erd of the drive & thick tod. of massive

aieti*e, atout 5', is intersected ard another shaft 15'0

deep

t Je ttUOI

l.ere *r et. lit*
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deep hne tear mnr-ade in order to follow it at a lower level.
From the Wee of thie eecoond eV>*ft a drive, approxi-u”tely
48* 0" along the strike, has Leen cut. A sketch of hg
second shaft is given to show occurrence of n.aneive apatite
(Plate IV fig.4) -- TVe gneiss at the top of the yd eh&ft
is identical rith that which fom.e the swm,it of the Kopje
on the 6]oje of which the working is situated, and is

si: il ai also to the gneiss of Hahilao ?op. It is slightly
coarser]értal_il‘_ngg and with a much higher percentage of
tiotite. ~fA description of these will he given later) —
Thie phosphate tody is probably Vint which is sxposed in the
quarry above. Although it is farther North than would be
expected from the dip shown at the surface, D is variation
in the dip is very characteristic of all the phosphate

m  dHWm%
bands, the dip af whieb increases and decreases most

irregularly. This, however, is to be expected in deposits
whose dietributi n is deterc-ined by pegmatite bodies which
are always uncertain. These branch thin out oi change
their direction frequently. In the workings under

discussion however the pegmatite bands maintain in general

a Northerly dip.

About 130*0* to the North-east of No.I, another
vertical shaft called IA is being sunk, It a depth of 112
feet it outs what is probably the rain apatite bed. The
rooks immediately above the phosOvw»te are the characteristic
accompaniments of apatite, nansly - 15" phoephatic pegmatite,
the f" cion schist, cor.posed of snail flakes of very dark
brown biotite, then a thm band of mixed rook (schist
pegmatite and wpatite) followed by pink and green masvive
apatite with small inclusions of schist.

Another shaft (No.Il), has been sunk 150’ of So.l.

but this was not examined. It is reported that in this

working
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working two todies of ihosphatu rock atout S' t>iok are cut.
The r.etoriel from all these workings force eeveral laite
duope. 6cme very irterretirg 8i.HCio.erB cf various rock typee
were found on these.

The relatiof.ehip of raeecive apatite to the other
rooke le well shown in the open workirg alwe Ko.i Shaft (See
Plate V fig.l). Here large todies of n.tteeive phosphorite
are surrounded ty a horntlende echiet carrying a little
rrica, in which the Gohietceity followed the outline of the
phoephate tod). Irrnedifltely lelow this yellowish green
mohiet is a land of phoephmtio pegratite which passes into
normal graxhic pegratite a short distance fror. the phosphate
inclusion. The pegratite in turn re underlain ty schist
s.'tpr>sed chiefly of very lark coloured tiotite with a large
percentage of deoce posing feldsjer.

Wh,ere pieces of schist have teen included in the
phosphate the; have leer converted into large, pale-green,
silky , horntlende crystals; the bate alteration to

hornblende occurs in several inclusions of schist ir

phosxhatic pe#atite. Tone much pieces were 6* square and
formed ax-pareritly one crystal; there is no parallel
arrangement of these large horntler.de crystals. It is

significant, however, that where solust is embodied in
ordinary pegmatite or borders pegmatite zones, tiotite
teocm.es very prominent. At the n.argins of xjegcatite todies

the process of alteration from hornblende to tiotite is often

roticestle. The effect of metaz. orphisL. is rot so
complete where the inclusions arc large. In such oases
the alteration is similar tut limited to the margins. The

pale greer homtlerle weathers to blight yellowish green.

In one of the trenches lending out of the quarry, lands

of fibrous barium sulphate rock underlie a mixture of eohlst,

WIttl es-



with fresh feldspar and ec.all pieces of the sulphate rook.

Thie vein is only a few feet above a icaseive apatite band.
I

The presence of varlum sulphs.te rook is always indicative

of the proxinlty of apatite, and in aany oases“enoloses

apatite crystals. In Ko.I, this rock is not as important

as in Ho.Ill. a working further south, where it

4avile
large bodies and carries the best®orystale.

occurs in

A feature of the graphic pegu.atite in the rain

excavation is the *-V direction of the layers of quarts and

fel'spar; following the bedding planes.

Xr.III.Working. Perhaps the” ost interestingjcoourre.ice is

on the Southern slope of a hill South of the r*in workings

at Hos. I. la, and II. Uns 1is krowr as Ho.III. 'See

-Sketch K.p on Plate III). It. chief feature is a tunnel

ariver 243-0" Into th, hIIl-1d.. It 1. 7-0" high .nl 5-0"
rtd., md our,,. ,uite oon.id.rAly, «o that day-light 1.
out Off timo.t 1, ,tiiat,ly. Th. oeouri.no. h.r. of .ratlt.,

efr.r. fro* th e already d..orlt.d In .er.r.l minor

f.atur,.. «or. tlm. w. .p.nt In th. .lamination of thl.

working than on any other, a. It. length mad. »o..lhl. a more

extenelr. .tudy of the feature, eh.raot.rl.Ideally

acooapanylng hath ery.tal and

mrn.dlat.ly .lore th. tunnel a tr.neh ha. hmn dug. and

from th. .all. of thl. it a. at one. .fld.nt that the

p~ratlt. and th. ...delate! pho.phrt. reek, h.h.red

.rr.tle.uy In thl. area. The > * . undulate, ear. In

thlekneaa. and are In A LI 74

At the head of thle tr.neh, I.e. ** rt"™ ,til, * P

NS § r T1rg ;]

undulating psgratite in th. s«r.e trench, are failures, an
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* rough diagrujBi made to annotate thephotograph, is therefore
the only reoord*”

Tve order of the oontaot rooke is that which is
believed to he oonetant ivj all deposits, so it is
reproduced in Plate VI fig.l. in the drive itself an
atteript was made to follow theorder of rocks from the mouth
to the end, noting their dimensions, with * view to
determining to what extent the relations of associated rooke
are constant. At various placer, cross sections were
measured, and sketched, an t notes made on the longitudinal
distribution of the rooks. These are given below.The
nc+ea m the latter would have beenofr ore u?e had a
oonetant Urjotion been maintained in cutting the drive.
Vhere not otherwise stated, the sare conditions, though
naturally with different dimensions, prevailed on both walls
of the drive. The measurements are not claimed to be
absolutely accurate, because the light was too poor to
distinguish actual margins but the existence of type rook is
definite. 31-34* #est Wall Isolated boulders of oxidised
pegmatite in soft yellowish green lohiet which dip K at very
shallow angles 01-94' East Wall. Ordinary pegmatite with a
few lenses of barium sulphate rook in which no apatite

£*« PUle yi "3%

crystals were seen. 94% - 126*. tfree Fdg.-X-11- In the
sulphate rock very large Mpatite crystale(Hexagonal prisma
terminated by pyramids), ooour. The thickest one seen nas
6* in diameter, and the longest one followed was f'S* ard
still continued into the wall. Owing to the easy basal
parting it was impossible to get more than a rev inohesof
the crystal without bieakihg it. Thei e is no doubt that
crystals of a much larger dime;is*cntw* 11 be foun.l|if they *ie

sought. The 2*8* crystal was seen in the East wall at 127",

It was only 1" in diameter.
140"



132." Her« sulphate rock carrying apatite crystals, occur*®
in lenema up to 18" wide and up to 4' long. It liee letween
bandm of eohiat.

17V-209". A very large lens of bariurr. aulphpte rook is
visible on t"eEaet Wall. it is probably a vein which has
not been followed directly, and so appears tothin out on the
foot-wall at 170' and in roof at 209'. (See Plate VI fig.3)
225" (Bee Plate VI fig.4), This section is typical of the
conditions which prevail frorc :1)1{1' to 230" where a thick
phosphate band is visible in the foetwall 3'6" and on the
harming wall 4'5*. At first these were thought to be
identical. A closer examination however revealed thinner

outcrops of eic.ilar rook on either wall so that a core normal

explanation eemuB to be that the west wall and footwall
outcrops represent one vein and the hanging and east wall
another. The position of these four outcrops is not always
constant for af tin.es two of theni merge into one another
(of. Plate VI fig.4 wt] R-ate VTI fig.l.) The phoephatio
band is solid apatite in places and barium sulphate rook
bearing apatite crystals at others. %uite frequently veins
of the crystal bearing rock traverse the raseive apatite.
230" - 237'. Across out has been made which extends for
several yards on ecither side of therain triv# but doer
cut thdiphosphate veins. See Plate ITI fig.2.
237" - 240" IHBoOIl ourad pegmatite passes into ncrmal graphic
pink and wMte pegmatite. %e drive bends eastwards and so
loses the phosphate vein which continues in the west wt.ll
(See Plate VTI fig.*.)

The strike of this phosphate vein is apparently S-H

and the dip sometimes vertical and son.etlmee steeply eastwards.

The other sections drawn all seei. to bear out this

steep eastward tilt of the phesphate veins in theiatter

portion ee*



portion of drive, and the only explanation poeaihle is thy,
in Ho.lll working the phoephate, Instead of tein”in thick
hede following the peeudo-otratifioaticn, due to pleasure
line#, of the country rocks, la in a vein running irregularly
aorcee the eohistoelty, maintaining no conelatency of
thickness or of direction save in a general way H.

They ire therefore of a different type from the thick
heda at No.l working and will probably >e found to be moat
erratic in their manner of occurrence and in the thi okneea
and quality maintained. Veins of this nature in Canada and
Norway often die out suddenly.

Juet north of No.Ill, a few trenoheajhave been out
from E-W, and in these the eac.e conditions prevailed. The
phosphate bands were not followed out along the strike as
might have been expected from an E-V strike, but were out
acrces and seen t.j be dipping B. Tine Ucnazite bearing vein
just Wof No.Ill, which will be referred to later, was
followed Northwa-da for several yards along the strike. Ir
several rejects, however, the phosphate occurrences of! these
two hills differ, and this difference in the ianner of

injection at No.l an 1 No.Illl nay pceaibly account for them.

TiJNCHEE WEFT OF NO.III,.

In the vicinity of No.Ill drive there are “uite a
number of shallow surface workings; all were examined but
only three deserve special mention (se” Plate VII). The
first is a email circular hollow about 6' deep and 10’ to 12*
in diameter, which has been excavated where a pocket of
barium sulphate rook outcropped. In this loose material
numerous apatite crystals are embedded. "See Plate XIII

fig.3). The crystals are very varied in sire, colour - red,

green and white being found - and even in shape. Aj th ugh
all are he cagonal prisms, they have been subjected to

pressure



preeceure which has effected them in different way¥*, >
feature of all the apatite crystale i# the inclusion of
numerous long, thin, yellowish needles which were identified
as monazite. The crystals will be deocrited m detail later.
There is no arrangement of these long apatite crystals m any
particular direction for they lay 1 rizontally, obliquely or
vertically in a meet irregular way. It is curious that the
apatite prisms should all exhibit signsof pressure, seme
twinred, others twisted, many broken and then rejoined,
whilst, the rook in which they lie is so soft and porous. It
is obvious that the porosity must have been subsequent to the

solidification of the crystals.

The second working, to which special attention was paid,
is a trench of varying depths which has seen dug in an 8. W-K.B
direction just K.w, of No.Ill, and offers a good cross
section for comparison (Fee Plate VII).
1-10* is normal pegmatite dipping £ at 45°.
10-15" is soft greenish schist.
15-25" is the eare schist with several quartz stringers,
about 2" wide lying parallel to the junction of pegmatite
and schist.
25-30". He-¢ an abnormal lense of massive apatite lies
horizontally between lands of pegmatite. The pegmatite
above and below grades into the phoephatio pegmatite
which surrounds the lense of apatite. The latter is
traversed by email stringers or bands of schist and
phosffiatio pegmatite.
301-40' is soft schist which, near the JunoU-n with the
phoephatio rock ir elude* several bodies of massive apatite.
The schist is far more micaceous than that in the west of

the trench. It contains much dark biotlte and Includes

several bands of phoephatio pegmatite.

40*-45" is mixed rock, (schist, apatite and feldspar)

underlain
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underlain ty a wedge of pinkieh apatite.
mtgl-53' ie echiet with inol ueione of phoephatio pegmatite.
50'- 53*  Here hands of pegmatite and eohiet dip westwards.

Stringers of massive apatite run into the sohiet at the

contact. This sjneolinal structure mai' he due to original
undulation or to the surface collapse of the schist body
which row lies between the two apatite arms.
531-58' Schist with intertedded barja of pegmatite still dipfwy
V.
537-63'" Here a snail body of naeeivy apatite ie embedded in
phoephatio iiegmatite which gradually gives place to graphic
pegmatite
63*-85' is soft sohiet. will be seen that The bedding
here ie very irregular.

The 3rd workingis much smaller but of epeoialinterest.
In a anall excavation about 3' deep, 30 yards west of Ho.llI,
a narrow peg; itite dyke about £' wide is exposed (See Plate
VII fig. 5). It cute through greeniah schist an 1 is
bordered by a thin layer of massive apatite. Throughout
this pegmatite body, grains of dark brownish red monazite
are scattered, sometimes irregularly, sometimes in bands.
The latter are associated with apatite and several pieces
were noticed where an irregular fragnert of apatite was
surrounded by a dense aggregate of monazite grains (Fee
Plate YVI). At the one side of the pegmatite, at its
Junction with phosphate, was a thin zone 1* wide of
apparently almost solid monazite. The association of monazite
and apatite seemed constant. This dyke was dipping E at a
fairly high angle, and if continuous would have passed below
the tunnel of Ho.IIIl. On the turfaoe, the only
indications of the strike of the band w»s in a N.E.
direction. The directions based on the occurrence of

loose monazite tearing boulders and is not absolutely reliable.



The monazite grain# vary in size fran piece# S mme in
diameter to much lee# than a pinehead. The grqln# ehow
cleavage Hut no outward crystalline form can be distinguished.
It seems a jjeouliarity of monazite to occur in this form for
E.S.Dena refers to occurrences in several places ae in
"masses or rolled grains". m enclosed pieces of apatite
which show no crystal form, small scattered groins of
monazite occurece* as well as the long needles which abound %
crystals elsewhers. There is very little feldspar
in the pegmatite in which monazite occurs. k'oet of what
there is, is stal”id green like that at Mo.l, a characteristic
of weathered phosphatio pe”atitee. The quartz is a very
dark greyish-blue.

One other occurrence was noted. This is in the bed of
e email stream, south east of the other workings, on the farm.
Kahilas HoeV. It is exposed in a short tunnel out northwards
for 30°'. At its mouth impure phosphate associated with
a number of secondary minerals, especially a coating of
epidote, occurs. The alteration and decomposition are

accelerated probably by the proximity of the deposit to the

river; A email stream trickles a.dong the floor of the
drive. Further in, good massive phosphate in foie, of
sugar apatite is found. This consists of“nua.>erof tiny

glassy green apatite crystals forming a granular aggregate.
It occurs commonly in Norwegian and Canadian deposits.

On the opposite bank of the river is a trench in which
some of the best examples of mixed rook were found. Soft,
green hornblende schist, apatite, and pegmatite in unifont.

a99re9 ahe
particles make up a very fine grained eilwed.-leek. Laesive
apatite and ordlna-y pegmatite are also exposed in this

trench. The phosphatio pegmatite body dips West and is

immediately overlain by hard, fresh looking gneiss similar



to * wHioh ooourred at the top of the 2nd shaft ir. Fo.I"kny
Ahout three yarle to theEawt 1n the led of the atreait, a

large Joint tlook ehowe the actual intri. eive contact of

pegiuatite with gneice. Here pegr atite containing irregular
pieces of apatite appears to te enclosed in gneiee. These
are probably just sections of tongues of pegn.atlte. The

trench and tunnel have therefore both been made along a
narrow dyke - 3 yards wide, - of apatits bearing pegmatite
intruded in a general Kortherly direction and with a
Westerly dip into hard gneiss. For its width the pegmatite
was extraordinarily rich in phosphate, possible because the
latter is only found in the visinlty of basic rook.

In this occurrence there are none of the tin ok bands of
soft greenish schist which invariably accompany apatite in
the other workings. The ndxed rooks however abound with
this constituent though only in small particles. The only
source of this hornblende lies in the gneiee which
flanks the pegmatite and it is suggested that what has been
described hitherto as soft greenish schist is the result of
the metailcrphism produced in gneiss by the intrusion of a
bod. of per ‘'its. Where the pegmatite vein is narrow the
alteration naturally not soextensive.

Anoth river boulder atthe mouth of the tunnel h isy
at the Junotio. f gneiss and pegm atites zone about 2' wide
composed of alter..ate bands of the two rooks. Some
distance down strewn, just below Do.Ill. the rocky bed of
the stream shows a similar intrusive contact.

The injection of such numerous and long apophyses
into the country rook indicates great liquidity or * high
power of fusion on the part ofthe pegmatite magna.

The other workings on Mahilashoek *renot examined,

but were reported to be Just shallow trenches exhibiting

no new features.
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PEGUATITK.

The roraial pegr.atite generally exhlhlte two varieties of
feldspar, pale pink and white. The fova.er occurs in large
irregular cesses soB.etin.es as nuoh as 4"-6* square in which

quartz and a little muscovite are included. The “uartz

inclusions tec cue larger and i ore numerous towards the margins
of t' e feldspar individuals. Between these crystals of pinV
feldspar is a graphic intergrowth of white feldspar and tvartz.
The structure of the intergrowth varies, 3 photographs are
given.

Pl,te VIII fig.l Showing parallel wavy intergrowth.

fig.R showing email straight parallel quartz
inclusions often with a small hook at one end.

Tig.3 eh' *ng radial intergrowth.

Often large r asses of pegmatite are composed of rather
fine grained granular wnite feldspar and quartz.

The demarcation Between pink and white feldspar is
sometimes very distinct hut at other times the pink appears
to shade off into white; where the demarcation is distinct
the pink is of earlier crystallisation.

That has heen called phosph-tic pegmatite, more fror.
its %*sooiation with apatite Bodies than from the
percentage of phosphate contained, is far mere impure
then the non.e! pega.Ut. unil. eh«Mt.rt.ed ohl.flj U
t-le diioeleuistion of feldeter. Th. p.gr*Ut. 1.
Both coarse and even grained.

The quartr 1. al.v« r.ry derV Uul.h gr.y ard the
feldspar an,” eh«le of purple trowr or green tut sl~ye
shn”*ng eigne of deonepoeltton. Th. Un.. u.uall,

show up a. Whit. orsoVe. Thl. pegratlt. 1. not a different

type from the norr.al tut e.rely an alteration of the latter

for ..e
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for in cany hand Bpeoicene the change free fresh pinV and

white feldspar to the dark discoloured variety is
q
ncetin.es in quite fresh locking feldspar small stained zones

evident,

oncur.

One”specimen is e rvtss of quartz with a much smaller
percentage of ziauvieh feldspar and with occasional small
glassy mauve crystals of spinel Jutting out from *he surface.
It has several rosettes of hornblende crystals which are
probably fragments Inoli-ied schist.

In several pieces of phoephatic pegmatite picked up
free the durr-p, the feldspar crystals were olive green in
colour. These specimens were always full of foreign
matter, pieces of apatite, crystals of hornblende,
micaceous schist inclusions, a great deal of epidote both on the
faces of hand specimens and in the cleavage orakks, a few
spinel, etc. This green feldspar was not seen in the
workings though the brownish mauve colouring was plentiful
there The green colouration is probably only fo”nd n. th..oe
pieces of pho.phmtic pegr atite which hnv. been exposed to the
weather for some time.

»noth./«p.ol».n i. » l.rge pl.o. of Uioo.t eolll,
penrly, pi* .nd white f.1d.p.r. The colour. .h~1. 1*%0
on. .pother for there i. * evidence of .ep,r.t. cry.t.1..

8, til Irolu.lon. of quertr occur throughout the feld.por or?

round .tout each of them .nd In connecting .trlng.r. between
them ere depo.lt, of epidote. There er. ..v.ral

epeclmene Ilk. thle. on. or two with ,ult. « thick one,log

0f epidote. In eev.rti of the f.ld.par a..,e.
hrownleh p .rp l." r. The; .hed. off grWuelly into th.
peerljr white variety. Brtil fltitey Inolu.lon. of hornblende

.1 ta bictite alec occur.
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T>ik feldat&ra. Four pee of feldspar have leen
entioned in which the ohief difference ie colour.

(1) A pinV feldspar fron:. norn.el pegmatite.

(2) A white feldspar from normal pegmatite.

(?) Discoloured feldspar from pi.oephatic pegmatite
(purple, trfwm and green).

(4) large bodies of pearly feldspar.

In discussing the colour of feldspar in his took

On Fock Vinerale, J.*.ladings sayu vhat colour is always

4v.e to inclusions, frequently indistirruishable
riorosoopioally, which act as pigments. It is well Vorwn
that opacity is due to numerous inclusions. "T%ite feldspars
ray be of any composition but the more frequent ones are
alt-ite. Yellowish pinkish and red tints come from iron
oxides in most oases. Pink feldspars are very frequently
potash feldspars but may be altite. Green colours in

some cases erise from inclusions of ferrous silicates such a#
chlorite, in other cases their source is not definitely known.
Dark ;rey colours “reproduced by innu».erable Inclusions f
larv coloured minerals in iinute particles. TVese are
especially cm,.on in more calcic feldspars but also occur

in some highly alkaline varieties such as the soda

riorooline of Fredricksvafr.

Tue optical examination of ehe various types of
feldspar was practically useless for all of thw. we » so
crowded with inclusions that they were opaque even in thai
thir sections. Of the few fairly transparent trains which
were found in the powder of all four types not one showed
twinning larellse. The Powder i**sed in liquid with
R.I. of 1.5a" which according to the eable giver by Iddings

on page. 210 is higher than the A value of sost pctaeh

feldspsis.



feldspars. In each cnee however 1.5PT? we-e far intem-ediate
vt-lve for cost of the grains. This »culd Xe the ce.ee in an>
orthoolase with numerous inclusions.

Ir. ordinary 1ighi v e pink colouration of (1) Auite
evident -Mist "he thicker grains appear pink under cjSt-eed

ricolc. The kaolinia ition, 1? such r* re, re apparently
toe far advanced to sllor the tra. sr.iseirs of light. The
white variety (a) ie very cloud, it'd grey 11 hrown!eh in
colour.

T-e discoloured feldspar (3) al though the grains are
cloudy is not =16 opq®ue as the first twc,whic tis ret in
aooordar ce with the cttward .pp»Ai~rce.

(4) pe too decor posed to exarrine ticiosc opict.aly *

Toth in the workings and it: hand specimens the
proximity of discoloured feldspar to apatite is veyry narked
go that it seemed natural to attiitute the differences
between normal end disoolcured feldspars to 4>e effect,
pitlei primarily cr secondarily, of the phcephatio n.mei.Oe.
To corroborate this Kr.Weoll was asked to nake analyse* of
U) as pure as possible » piece of pink feldspar from normal
-egratite ard i1 ) about 10 grains of discoloured piece* of

feldspar, obtaired by selectinn free the rougX crushing of a

piece of phcsphatio peg, atite. The results prove that the
charges are not due directly to any admixtuie of phosphate

but otherwise are tost indecisive. They are however gi“en

below with a few analyses of feldspur which is used
corrercially in various parts of the wcrla.

(a) T-eoietioal oon.p. of pure crthooiase.

(b) Pink orthocir.se free, r*ndclitr Fop, analyst It.

Tenll.

lh r.r.d?21 Discoloured feldspar from I>rdolier "cp, analyst

Id) An.ly.l. of » rlotkl .MH« of dark rad oiorUira

fmri .. °



fron. Timnten&o Court} O *aaio.

(e) AlVite fion Vill eneuve I'ine, Villereuve Township,
Ottawa, Count} “uetec.

(f) Oit’.oolaee from, O'lirien Line, Trt-t Port] ur-d
Township, Ottawa Court} “ueteo.

() (e) ard If) were nral; sed V} I2.L.Turner of the
Hires Branch of the Departmentof Hines in 1S14 tfnd published

L} Hufh F.de Fchr.ici K.E. in hrs cei oir on feldspar in

Canada.
r—
a b 0 d e f

61 Op 64.7 63.8 60.8 64.44 65.65 65.07

19.4 19.7 23.6 17.63 21.65 18.20
F*ro3 .8 .8 0.%4 0.46 0.08
Te 0 0.03 0.03 0.06
kg 0 4 3 0.02 0.18 0.02
Ca 0 .9 4.6 0.40 1.20 0.72
Kaj- 0 4.65 5.75 3.31 9.87 2.83
X? 0 16.9 8.95 1.7 13.39 1.08 13.46
H- 0 .25 45 0.12 0.08 0.10
Ti O .05 el trace trace
Kn 0 trade trace
Bn 0
BaC 0.02 trace trace
COp nil nil
Pe °5 eft 1 1
Loee on .6 1.2
lenition
Total 100.00 100.20 99.7 100.10 100.20 100.54
I e corposition of UH is ro» atnormal. The numbers of

impurities are evident and the Xj; 0 ~ low while #he



M> 0 is oorzerpondingl) high. fo® however is much rebaei

in cocitositior to oligoclaee snAeceine than orthcolaee having
low eilloa, high A1£03, high CaO and 0, and low r*O

contents.

The other minerals of the pegmatite* are:-
Cuartz. A characteristic of the quartz is the inclusion
of minute tlack needles onl> visible with the highest power.

These ere prntahly rutlie. Quartz is generall) granular

near the Junction with other minerals. This is probably

due to pressure. hornblende. Ijgjitg and CJllfiiill. ar*

oorronly included where pegmatite is rear to schist.
Tusdovite iv rot often noticed, ffcn oxides both red anu

black are fairly comr.on.

Fmirel. Frail crystals of a mauve variety are occasionally teen

— .. . . - 4 47l mV4fl>  tVIIM

mineral occurs is » feature of interest. It is attributed

t.h* decce ixiei tion of a lime bearing feldspar.
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TVis rook is in every way etnoiaal and oonetltute. one
of tlie s.obt inter«Bting feature* of the deceit. it
oocura In large “uartiti.e In v.A?eypocket, or lenses always
associated Oleeely with apatite. It ocnsiets of an
aggregate of white crystals which are row Dore or less
skeletons and nre represented by ssall plates inter.ecoting
at. right angles.

Fed Iron Vx*de has teen impregnated throughout the
rock in the interstices of the cryntals and in the fretwork
iteelf. See Plate IT fig.l* When a large tlook of this
rock is broken the inside is soc.etiaes of a areas colour aid
is r.ore oocpact and veined with tiny quartz stringers.

A» he* already been n.entiored the roe* perfect, and
in fact the only well fonried crystals, occur scattered
through pockets end lenses of this porous rook. On Plate
Till fig.3, a photograih is given of 2 apatlto crystals
embedded in barite. The irregular fraotur* of the crystal*
masks their hexagonal outlines. The inclusions although
usually in crystals are sonietle.ee “uite irregular fragrents.

The rook is very soft and was thought at first to be
a kaollnised aggregate of feldspar crystal®* in which the

cleavage oracle ha 1teen filled with see.* foreign matter and

*ood
then the bulk of the crystals dissolved or decos,posed ,

tO XN
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to eoft powdery Vaoiir. quartz however ferae a very

ec.an peroent«fe cf the rook »nd »n aggregate of acall
,e]dapar erystale, not “nteigrown with quartz, la unknown

on the depoelta. This and the fact that apatite occurs
nowhere else without a certain an-cont of forro n.agneeian
mxteax mineral;contradict the theory of alteration of
pegmatite. A epcoime.n of the rook «at> .ant therefore to the
CoTerrw.er.t laboratories to be analysed with the result that

its identity was established as barite or at least 93.2"

Ba 60". The following was the analysis:

Loss on ignition 1.65

3a 604 93.S

Ca eo4 2.7

Ca P04 1.3

PiQji, Te#0,, and

%283 Traces
98.85.

The porosity of the rock makesjlt muoh lighter than solid
barite would be. The quantities In which it occurs admits
accessibility cay render it a valuable addition to the
phosphate mining.

On Plate IT figs. P and 3, riorophotograhhs of a
thin section of this barite are given. The rool was
boiled in Canada balsas for some tine to render it stable
enough to out but even with this precaution nany of the
email plates were broker. The few retaining however,
serve to chow the intersection of these plates at right
angles.

The eubetar.ee is “uite earthy and opaque and hence

appears dark by transmitted light, whilst the spaces between

the crystale and the thin plates within the crystal# are
light. The iron oxide fillingis dark. The second

phctcrrap”h is with reflected ligbt end the barite i« its

natural
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ratural colour. The Inanity of the intersecting platee ie
core evident in this, fig.3, then in fig.2.

A ere! 1 outorop of tarite wae vibited a c.lle or two
eouth of i*ny Vnown phoephete ocourrenoe. The rooke in
Urect centnot with it were not vibihle owing to the dense
vegetation tut the neighbouring rooks were of the eau# types,
gnelee and pegrr itite as elsewhere. The oiineral wue pore
raeceive and recognisable by its specific gravity. Kr
special attention was paid to it as at the tise#the
connection of taiite with phoephatlc »inersle war not
suspected.

The origin of this cineral will be discussed in

connection with the genesis of the deprolte.
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SCHI BT.

Under thim heading there Is only one type of
rook whloh, however, e*hlb« t"e in different localities
various modifications. It is the friable material
whloh has been referred to so often as soft
yellowish green ecohlot. It is essentially a fine
grained aggregate of hornblende crystals in various
stages of deocoposition and alteration, and is so
soft that it orumbles on slight pressure.

The eohletoelty is most evident, in blocks whloh
have been included in pegmatite. These oontaln a
certain amount of quarts and feldspar Whloh mixed with
the schist during the intrusion of the pegmatite,
and whloh oooursfft small crystals and grains in bands
parallel to the edges of the sohiet body in which they
are included. Bee Plate IIl fig.2., plate IV, figs.
2 and 3, Plate V f'.g.1, Plate VI fig.l.

Weathering is determined by the same factor, e.g.
The spheroidal weathering of the block included in
pegmatite at the bottom of the shaft in Ho.l working.

In addition to the minerals derived from the
pegmatite, biotlte oooure in varying quantities in
the hornblende of whloh it is an alteration product.
In places the psroentsge of blolite, a dark brown
variety, is so high that the rook can more accurately
be termed a mioa schist. The flakes of dark mica
Impart a speckled nature to the rook. 6+ains of

msok iron oxide oonur on the larger hornblende

crystals



oryetale and add to the mottled effect of the
aggregate.

According to the amount of exposure undergone”
the oolour of the sohiet ie green or yellow, ehllat
the degree of alteration of hornblende to bioMte
eeame to be determined very largely by the admlkbre
of pegmatite. In some plaoee where sohiet and
pegniatlte are adjoining blotite forme an actual oaeing

In the neighbourhood of apatite however,
blotite ie rare. The email Inclueione of eohlet and
the eohlet bordering eo often eaeooiated with
phoephate bodlee are invariably hornblende only.

The change may be attributed to the addition of
eilloa.

In the open working lo.I a moot etriking
modification of the ox Unary eohlet oooure. It ie
really a porphyrltlo hornblende pegmatite. Bee
Plate J flge 1 and 2, which ooneiete of very large
phenooryetS of dark, greenieh-black hornblende In a
soft yellowleh green matrix The matrix ie elmilar
to the eoft eohlet deeorlbed above, but owea ita
epeokled nature more to the presence of epeoke of
dark hornblende like the phenooryete, than to blotite.
quarts and feldspar Inclusions are common.

The hornblende phenooryete are ecentimes 2" in
diameter and 7* long. They have no parallel

arrangement but lie in all directions. Many are

intergrown ...
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intergrown or branching. Several of the orystale
showed, along cleavage planes and fractures the
beginning of alteration to blotlte.

Apart from their prismatic habit no crystal
outlines are visible and fracture is determined more
by their fibrous nature than by cleavage planes.

The mineral was examined in powder form under
the microscope. Thick pieces are brownish-green,
thinner pieces bluish-green and the thinnest sections
markedly pleoahroio from yellowish to dark green.
Cleavage planes intersecting at 120° are very
distinct. In prismatic sections the extinction
angles are small varying from 12° - 17°. The
axial angle too is smalle

In several -vteee the inclusions of schist in
apatite are large crystals of hornblende, which are
pale green in colour and have a silky lustre. In
the schist too, these large pale green silky
crystals occurred sometimes instead uf the dark
variety, and as has already been stated the bulk
of the soft schist is composed of grains of pale
green hornblende. The cleavage planes are far more
prominent than in the dark hornblende, so that the
mineral splits on pressure into smooth faced priana.

Microscopicalxy thir pieces are fibrous, almost
opaque and very much decomposed so that the

interference colours are flecked. Optical tests

could ..
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could not be male beoauee of the opacity, In fact
If only mioroeooplo pleoee haa been available, the
oheraoter of the mineral would have been moat
uncertain.

There la little doubt that tht pr»»enoe or
abeenoe of exoeee *11loa hae been the controlling
factor in altering theee hornblende phenooryete to
biotite In one inatanoe and to a pale green
deoompoceitlon product is the other.

A etrange modification of the ordinary hornblende
pegmatite oooure in a hand apeoimen but wae not eeen
in the workinge. In this the hornblende
phenooryete are embedded in what le eeecentlally a
blolite eohiet. The preeenoe of a large quantity
of pegmatite inolueione in the rook expiaine the
alteration of the hornblende of the matrix to blolite
but not the condition of the phenooryete. It le
just poeecible however that an optical examination
might ehow that a aimilar change ie in progreae along
cleavage planece.

Another variation le exhibited by two epeoimene.
Bach of theee hae on one aide a coaree intergrowth
of email kmflat tabular*hombleede oryetale with
the ordinary paler matrix. Out of this the large
phenooryete have apparently grown upwarde

The large oryetale of hornblende included in
apatite must have reoryetallieed frcm irregular

IMIUIOM of .Ohl.t. it t. profbl.

that



that all the hornblende phenooryetw' are
eontempoi&r.soue with the Intmeion of pegmatite and
are the result of the oontaot metamorphlem produced
by the latter. The alteration to blollte le
probably of the »ame age though a email percentage

of It may be due to normal weathering.



These may bit mixtures of oil three types,
pegmatite, apatite and eohiet, or of any two of them
in equal or unequal, proportions. They may be
granular, or intergmwn, schistose or massive, in fact
they present almoet unending variety. More
attention will be p id to them than to the other rookn,
>»oaut e they repreeunt, on a small seale, the
relationships of the type rooks to one another, and
will therefore throw some light on the meohanios of
the intrusion and th% metamorphism produoed thereby.

Under "pegmatite® mention has be#n made of
sirall eoM st inclusions in otherwise pure pegnatlte,
and numbers of specimens occur which am either an
intimate granular intorgrowth of the two constituents,
or consist of small bodies of one grad'ng into
fairly pure patches of the othere

The specimens nunbered C.5. belong to Hr.A.Hall
who was kind enough to lend me a few microscopic
slides which he had hat out. The numbers are those
used in his classification.

7aQ 05 (of phocphate rook of low
grids from Ho.Il shaft), has no visible apauite in
the hand specimen. This must be t cause the
general green colour makes the green apatite
Ineon.ptroeu.. Th. reek .pp.w. to 1. n«.n, til
hombl.nd.; tet'n derk Wul.lt er..n mnl pti. -Ukj

gr..n in ftor... Be.. .eft.r d.e-p..ltlc preduet.

probably
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probably chlorite, is mixed with the other mineral.
Microscopically most of the elide ie chlorite. The
hornblende gradee into ite flaky dec<*poeiti on product
in most oases through fibrous stages. 8n*ll patches
of serpentine also occur. There ie much hornblende with
distinct 120° cleavage, pleoohroio from pale
yellowish brown to dark brownish green. The
extinction angle is email, averaging about 10°, 1In
the particular section examined only one variety of
hornblende is visible. * Cloudy patches of opaque grey
feldspar are scattered throughout

Despite the degree of decomposition nftoh they
exhibit, they stand out well and do not merge at the
edges into the green ground mess. Numerous grains
of apatite of various el see occur. The larger pieces
have irregular cracks running through them, and show in
places along these, slight cloudiness. On the ehole,
however, apatite ie very fresh by ocmpariewt with the
other constituents of the rock. Besides the larger
feldspar bodies mentioned, numerous grains of
orthoclass occur, especially in the interstices of
hornblende crystals. A few frayed out patches of what

appear to have been biollte are also present. See

Plate XI fig.3.
226 (S is another in which the apatite

is not noticeable to the naked eye but on examination
in thin sect!or it proved to be a mixture of three
minerals, aigite and feldspar in about equal

tvsntltl.. Ith IMS th. 1. not -
decomposed ..
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decomposed as in other slides, some of the larger
todies haring quite large central areas of fresh
orthoolaee.

The apatite stands out well, and the bigger
Pieces have monazlte Inclusions. The atyglte haa>
Very mark? rellwf, and is colourless or vary faint
greyish yellow. It is non-pleoohrolc. Kxtlnotice
angles are very consistently 30° to 34°, a*dU has a
biaxial positive interference figure”. See Plate

fige2.

A speolmon showing pinkish feldspar spotted with
green schist, must of the pieces about in dimeter,
is seen on Plate XIV fig.2. The hornblende is
speckled black, chewing that weathering is not quite
complete.

Another specimen in which the proportions of
schist and pegmatite are reversed consists of
hornblende mainly speckled with quarts. The
hornblende in this is far lees altered, and shows the
fibrous arrangement characteristic of this dark type.
(Bee Tig.l Plate XIV.) In some pieces of mixed
pegmatite t e schist is represented by crystals of
varying dimensions, of the pale green hornblende,
aoocsopanled by practically no granular material.

tiohiet and apatite are never found without a
certain amount of pegmatitlo matter, the latter,
however, may be very much in the minority. In one
hand specimen a large i ystal of apatite was seen
embedded in schist with a small admixture of fine

grained pegmatite and apatite. Another large lump
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apatite had interpenetrating homblenie or:stale

1" or mo/e in length, the only indication of
pegmatite was that ono or two grainsof felspar were
embedded in the hornblende. In several granular mixed
rook, the pink or white feldspar element was almost
absent, the rooke being a mixture of green apatite and
green eohiet.

Pegmatite and Apatite are of oouree the
commonest combination, of whioh the inolueions of
apatite surrounded by monaaite in pegmatite are a
phase of Plate XVI figs. 1 and 2.

Hot quite so pure a mixture is seen in a coarse
intergrowth of pegmatite and apatite, (see Plate XII
fig.l). There are small inclusions of schist but
.h*ee are subeidiary. In almost every instance there
is a thin acne of quarts around each apatite inoluelon,
and the pink feldspar adjoining it beoomee a dark
brownish red which marks the contact very well. The
yellowish soft material speckled through the central
Inclusion of green apatite is due to the inclusion of
small quantities of schist. The polished face of this
rook is quite ornamentale® Two slides w*»re made, (a)
of the intergrowth of apatite and pegmatite, (b) of the
portion of apatite including eohiet.

(a) This is an intimate mixture of feldspar,
apatite and quarts. The quarts occurs in large
bodies, and in small isolated grains, it is very
fresh. Orthoolace and apatite, in large and small

pieces, occupy the rest of the slide. The feldspar

1s .e*



is pink and is almost entirely decomposed, a few clear
patches only remain. The fpatlte is very much
cracked. Most of it is in large pieces, fcul a small
percentage is scattered in grains throughout ths
orthoolaee. The only other minerals are a few flakes
of red iron oxide, and around some of the apatite
crystals a thin margin of ferromagneslan mineral, too
small to he determined, hut prohahly hornblende. (See
Plate XII fig.2.)

(h) is composed of an aggregate of apatite
grains of different orientation, as indicated by the
direction of the minute monazite needles as well as
by the extinction .(cf Plate XVIII fig.l, and the
description of it given under slide, 722 CS5.) In
addition to these tiny needles, most of which under
low power have no thickness, there are several larger
pieces of yellow monazite (about imin diameter
under 26 magnification). Apart from monazite
inclusions, the apatite is cloudy along all fractures
and has not the freshness so characteristic of it
elsewhere. The centre of the elide is occupied by
an aggregate of greenish grey,mostly opaque
ferromagneslan mineral, fibrous, and containing some
very finely powdered red oxide. This mineral
extends along sane of the crack, in the apatite. It
is regarded as being included schist very much altered.
At one end of the elide is a large piece of quartz of

obviously later crystallisation than the apatite.

finally









Finally there are the proper end.xed rook*" In
wMoh all 3 constituent* are apparent at a glanoe.
flg.l on Plat* XIII ehow* one of these. The
specimen was not polished, as the soft hornblende
crystals probably would have been destroyed. The
drawing was made from a fairly level fracture. It
shore pink feldspar, a little quartz and green
apatite and schist. The last nai ed enters to a far
greater extent in this specimen than in those
hitherto described. The apatite has numerous
inclusions of hornblende and a little biolite. The
most striking feature, however, is the presence of
large silky hornblende crystals at the contact of
feldspar and apatite, the two such crystals shown
in the irawing hare banding in different directions,
showing that the crystals hare no radial arrangement
with reference to the apatite.

f* fpinen 723 CP in the hand specimen appears to
be an irregular mixture of green apatite, a few
fairly large aaglte crystals, and a fine-grained
greenish substance, scattered inclusions and tiny
reins of pegmatite - pink fledspar and quarts occur.

Microscopically it is a coarse intergrowth of
apatite with ferro-magnsgan minerals. In the a) ds
apatite occupies more than f square. It i* not
one single crystal, but an intergrowth of smaller
piece, with no crystal outlines. Each piso. include,
numerous needles of monasit* arranged in definite
order. Bome fragments ehow long parallel needles,

others just the emergence of the tops of needles;

these ..«



XIS.3t + mall int(uiioi7% of
hot-nLterrde¢ m  TalmLar

» wtclusiorr* if

TLHTEL

mOm



+1
iMm -

these letter eecotiore are either beeel or approtinate
Yerj' oloeel y to baeel (See Plate m il flg.l.) rthe
arrangement la therefore the eaee as that In the
large and perfect Zpatite crystals where the long
axee of aonalite Inclusions are parallel to prla-B
faces (eee Plate 7VIII fig.2.)

The 7erro-magne*.an mineral is almost colourless,
non-pleoohrolo Auglte. Extinction angles vary from
40-50°, the cleavage Is parallel In prismatic pieces
and shows 90* intersection in cross sections.
Alteration to chlorite along cleavage cracks is
noticeable with a high power objective.

Much decomposed pinkish feldspar occurs throughout
the auglte and at the margin, but not actually in
apatite.

Shall patches of epidote and grains of magnetite
are seen occasionally. Ho quarts occurs in the
section.

725 C5 in the hand specimen is very like 723 05.
It a thin section the whole elide is 4 very pale green-
ish grey, almost oolourlees. It consists of a large
amount of very slightly pleoohrolo auglte with
parallel cleavage clacks. Extinction i* oblique.

The angles diverge very little from 34°. The
mineral gives a biaxial positive interference figure.
Lirge potions of it extinguish at the ea, e time, as a

resuit, probably, of poikilitie intergrowth. All

t>» show . o.rtaln mow of d.o<-i».ltlon, tut
not “ong dw flL.It. pl.n... * fo* Itfgulr ol.«
»p.tlt. -I'. Fu» -1" ",e” "

much ...
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muoh feldeper which i» grey arid opaque, and in
isolated pieces. Email patches of yellowish
epidote and epecks of iron oxide occur.

glide [?.'1 C5 showed the ocae essential characters
namely, apatite with a few very snail inclusions of
monazite, decomposing feldspar, augite with
chiloritised cleavage planes, grains of n.egretite, etc.
(Pee Plate 71 fig.l.)

Another specimen r.icioeoopioally is a fine
grained aggregate of bright pink feldspar, quartz and
hornblende.

The latter chowe alteration fro? dark bluish
green to the pale yellowish decomposition prcduot.

In one part there is a thin coating of epidote.

Slide. This specimen differs free, those
already described in having quantities of quartz which
occurs both in large pieces and in a fine granular
aggregate around many of the other minerals, and in
Irregular interstices.

The quartz with large naeeee of quite opaque,
intensely decomposed feldspar takes up the bulk of
the slide.

The feldspar which appears so pink in the hand
specimen only shows pink in patches, most of ehioh
adjoin hornblende bodies. This may , however, be
accidental.

Bext in abundance is a dark green hornblende
unlike that in the other rooks. It is pleochrolc
free yellowish green to bluish green, 11
is fibrous. Thflte is e greenish black, ***&

substance



eutetance with apeokl»d fwiencc in the Diddle of
which fibre* of the froehcr greon hornblende moretime#
occur. It io Just p.eaible that thie ie augite, in
the proceeca of altering to hornblende. Or it cay be
an older generation of hornblende. There ie little
doubt that the freeh green hornblende ie secondary.

Apatite ccoure in en.all frag&rente, but ie quite
eubeidiary. Deconpeeing biotite, grain* of epidote,
and epechs of ragnetite aie additional mineral*.

hereral specimen* appee.r to be poroue mixture*
of hornblende eohiet, granular and oryetal apatite,

uaitUm
and the eelaim eulphate rook. The laet occur:*
eottetia.ee in roeettee of radiating fibre*, which are
often rooe coloured and resemble natrolite. At
othei time* it ha* the more typical etruoture,
euggeetive of it* replacement of feldspar. In cane
of these specimen* a large tody of quarto was
embedded, a thing of rare occurrence.

Specimen 723 C5 i* an abnore.al one.

A vein of pegc*Ute about I" wide 1* intiuded,
into a alxture of large piece* of apatite with
horntlei 4#se Plate XIH *&# 8

The pegmatite ha* numerous cavities (fee Plate
XIIT fig.2.). This intrusive vein 1* an evidence
that the pegratitio magma continued to intrude after
the foimatlon of the phoephAtio bodies."

This in the onl) specimen in which the
crystallisatioé of the noimal pegmatite constituents is
obviously later thah that 8f apaidlte; In all probability
this last injedti8R Wa¥ & small 8f¥ gnd of short duration



Mr.Weall of tkeGoverrment Cherloea
Lalora. crlee irade an*1j eee of £ epeole.are of
mixed rooka, those de-orited as 726 G5 and 727 06.
These sie given tele# ms they indicate the proportions

of pegmatite, schist and apatite present.

Al&YBIB OF MXED fcOCKF.

726 C.5. 727 C.5.

Moisture 0.4 0.6.
Lose on ignition 1.0 .85
S.0.g oo 49 .4 33.6
Titaria 0.1 0.1
Alumina 10.96 1.25
Ferrous Oxide 3.16 3.15
Ferric * 45 .93
MnO, trace trace
Lime 16.7 32..
Msgnesia 618 7.36
Bodiusi Oxide .e 3.25 1.35
PotassiiA Oxide 2.3 0.4
p2°5 5.6 17.0
C °2 0.1 0.06
FU 0.3. 0.7
(G730 L. trace 1

100 100 K
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At the top of the trenoh in whioh the mion&zite
rock wet exposed, end scetteied orei tVe surfeoe in its
iioinlty, were loose tovldere of a garnet quartt xock.
They varied in size fro*. £ feet ir dinaetey tc tueh
SLaller. These rocks h*.d not 'been found anywhere
ir plnce. The rock, however, deserves Bore than
r.ere rention since it recurred so close to the nonazite,
and was not seen eclsewhere, and because it may abed
roee light on the changes to which the pegratite was
subject.

It a hand speclren the rock bears a close
reeerblarce to the quartz nonazite rock. It oonsietn
of a ground mass of the ease dark bluish grey quartz
which characterized t"e Konasit# rock with snail
granular crystals of garnet of a brownish red colour,
but of a lighter shade and core glassy then e”nazite.
These are uniformly scattered throughout the rock end
not concentrated in dense stringers as the nonazite
grains are ir the neighbourhood of apatite inclusions.

A photograph of a hard sieciBer iS given on
Plate TV fig.r.

Another difference lies in the absence of feldspar
and apatite inclusion*. The E.G. treasured in a large
piece of rock, ec as to xlIniaie* the error, was 2.8?7.
If the rinerals, other thar qfartz and gal net are
disregarded, which can be done without great

inaccuracy, for their percentage is obviously very

seal 1
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ajrall, the proportion of quartz to gemet oen t#
rct*rth1) eetlrate4i Thle wee done by oruehing eone
of the rock finely; the powdered naterial weighed
11.385 grre. This wa»i shaken in a mixture of
Broe.ofoiHi and tuipentie*., 6.0. 2.675, to effect a
rough eeparation. That which sank weighed 2.67 gr»e.
and the floating raterial 6.7 grins. Tnerefore
Garnet : quartz :: 1:3.25 by weight or, roughly,
i cf the rook is garnet. Tlie 6.0. of the garnet
was then deterrined by means of a weighing bottle and
found to be 4.1 irtiloh would mean that it was
Almardine 3.0 - 4.2 or Fpeeecartlte 4.0 - 4.3. It
was not found possible to make a full quantitative
analysis of the mineral, but a qualitative test
revealed it to be a sill oate of alualnive, ferric
iron, a little LagneeiuE, and a trace tf oalolu*, but
no manganese. It is therefore nearer to alrardlne
wn any other rariety, whioh was to have been
>peotod from its ooou *noe in so highly siliceous a
rook. TI’e presence of rnly a trace of Calcium is
significant as it obviates the possibility of the
absorption by the Magma of any quantity of limestone.
Prof .EShand in discussing the syenites of Eekukuniland
considers the presence of melanlte, Ca.rloh garnet,
as one of the strongest proofs of his theory that
the alkalinity of the syenites is due to the
abeorption by the igneous rook of a large block of

Dolos.Ite during its intrusion.
OH ess
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On the other hard, H.d.Ppeuce In hie nen.oir
on Rxoephate in Canada, eaye that almlndite and
heeeonite have been found ae nooleted with apatite in
Quebec. Both the varietiee are ccmmion in the
gneieeee of the dietriot and are cooaeionally met
with in oryetalline limeetone near intrueive
contacte of pegmatite. EpeBeartlte cooure
plentifully in the feldeper and mica of Villeneuve
Vine and uwarowite in Wakefield aeecoelated with
Apatite, tounraline and pyroxene.

Only one elide w&e made, a# the rook echowed in
a hand specimen sioh uniformity. A photograph of

ihie le attached. Plate XV flg.l.
QUARTZ GAFUIRT ROCK (MICROSCOPICALLY.)

The Quartz la fairly freah, but with
eerpentine filling a few irregular cracks. It
occurs in large pieces, except at its contact with
gamete where it re airoji. .nvarlably granular.

The Garnet# ehow no crystalline outlines, but
are more or lees circular.

Scattered through the quartz are irregular
bodies of garnet, hornblende and plagioelace. The
garnet usually occupies the centre of such bodies,
but even there it is fragmental. Hornblende forms,
in most oases, a marginal rim and patches of it
occur in the middle. All the hornblende in any

particular unit le in optical continuity. The

remainder ...



ret.eindtr of the epecoe ie plagiocla.., M1 fc0Xe Or

leee decomposed.

The tiHM 1 ie yuite noz&al ir apiwanee, having
very high relief and traversed ly nwerove irregular
oraoke. It ie quite leotropie. (Brogger etatee that
gamete fomed directly free, an igneove ragna, a. well
ae thoee Produced by the elow prooeeecee of regional
Betaaorphlem are "leotropie", while thoee produced
by hot eolutione or bj contact meteaorphica often
chow an ajpiarent anisotropic character. In a table
he gives Alrr.andite and Pyrope ae the only cnee,
invariably leotropie, gamete are known to alter to
felspar and hornblende, but this ie apparently rare.
Inclusions of rarlte. in varying sixes are common
in the garnet and 1te de*ceipoeltl on products. Moat
of them show alteration to magnetite and flakes of

Crystals of very high R.I, probably

occur. They aie colourless or with a
very faint pinkish tinge and are biaxial and
negative in character. The garnets contain
smaller crystals of the same mineral. The Hornblende
is the same as that in the gneiss, pleodhroio from
pale yellowish grevu; -- reddish brown, with no
distinct cleavage and a not very distinct biaxial
negative interference figure.

I can find no reference in any of the
descriptions of garnet rooks from this vicinity to
one which reset bles this specimen. Most of them

are garnet gneiss rooks nth much felspar and not a

predominating
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preJomiuBting p«ro*nt*%# jf quart*.. The ferre-
roagneeian mineral too, oonetltutee a large proportion
of the rooke which are dark oolcured In coneeqvence.

In dleoueelng the peotatlte Dr.Hall eaye that
th» garnet in thie formation ie rare, but
notwithetandlng this, thie particular quartz garnet
rook appears to be rather a phase of peje.atlte than
of gneiss.

Other specimens of quartz gneiesoae garnet
rooks were found later with a muoh higher percentage
of ferrcmagneeian mineral, but with quartz still
predominating. It is believed that the Intrusive
pegmatite embodied sore of the garnet gneiss rook,
and that the garnets being most resistant, wexs
scattered unaltered throughout the siliceous
m.agr.a.

If Dr.Broggex’e theory Is aooepted as
oorreot, the Isotropic almardlne could not liave been
produced by contact metam crphlee, and therefore Its
transference unaltered, from the gneiss must be
Inferred.

Unfortunately Hr.Fall in referring to the
garnet gneiss rook makes no mention of the variety
of garnet.

The zone of hornblende around them may be a
remnant of that in the original gneiss, but Its
optical continuity suggests that It la an
alteration product of the garnet. The large quartz

garnet boulders belong therefore to both types, the

garnets
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gamete and their associated minerals teing of
greater age. -he temperature of the pegmatite
contain!tv ,,0 many alneralieere. would not have been

nearly as high as that generally associated with

molten magma.
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CH1T1 S 8.

Th. gnel.eio rook, which m»Jre up so large a

peroentago of the country rooks, and whioh flank
the pegn-atite schist belt, both to th. north and
south, ooour also in the belt JUelf. Two
epeoinene of this rock were specially noticed (a)
a piece of the rock which builds lahiiae Fop, and
(b) Gneiss whioh ajjcins pegratite at the top of
the second shaft in So. I. (See Fig.4, plate !V).
The*, rooks are both lenarkably freeh in
both hand specimens and in thin sections, whioh is
surprising considering their enormous age and the
exposure to which they have been subjected. Large,
lichen-covered boulders which cap the hills and which
must h*ve braved the agents of weathering for ages,
reveal yulte fresh interiors when a flake is
struck off by a hammer. The difference exhibited
by the two specimens is probably due to the
metaa orphiam produced by the intrusion of siliceous
pegmatite into (h). Both looks, however, are more
basic in character than acid, by far th' greater

bulk of them being ferrceagneeiar.

(a) In a hand specimen it is a more or less
even grained granular rock. The crystals are much
smaller than those of (b). It is predominantly dark

coloured , but contains an appreciable percentage of
light material. Gneiecoee badding is not apparent.
In a microscopic slide the light mineral is only

slightly dec<*iposed, and is apparently r|/ plagicclase.

Tor ct#s
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for, with the exception of one of two email picoee it

shows twinning under crossed niools. In most
instances this is according to toth the Altlte ar-l
Pencil laws and the larellae therefore intersect.
The issellae renerally ajre fire, in a few pieces they
are broader. The occasional pieces which showed
no twinning are probably quarts, but the percentage
must te very scall. The plagioolase makes up about
1/3 of the slide. Another third is occupied by
fresh, green hornblende pleochroic fros* yellowish-
green to yellow. The extinction angles are small
and very, e.g. 8°, 12°, 11°, 13°, 19°,

A nal pieces show cleavage planes
intersecting at angles of 1%0?. There is much
almost colourless auglte with fairly high relief,
with intersecting cleavages at 90?, high extinction
angles and bright interference colours.

There is also a slightly pinkish mineral
with higher relief and Irregular cracks running
across 1it. This has grey interference colours, and
where cleavage is visible, extinction is straight.
It is slightli pleochroic and gives biaxial negative
interference figures. This is almost certainly
hyperethene.

Occasional pieces, with the same pinkish tinge
and with high relief, have bright blue 01 yellow
interference colours and may be olivine. Mo
conclusive interference figures can be found.

In places, flakes of chlorite appear, but on



tha whole the ferro&agnemi&n minerale are very
freeh, though hyf»r.th-ne ie trownlah along oracle.
Oraine of black Iron oxide are fairly
abundant. A4 photograph of part of thle elide le
given in Fig.3. plate XV, enowlng all fo«r mineral»

deeorlbed. The higher relief of the plnkieh

mineral ie evident.
(b) The noat prominent feature ie a mineral in
large pieoee, winoh ie inteneel) pleoohroio from
Teddifth brown to pale yellowish green, or from
either to aap-green. The cleavage for the moat part
ie an Irregular network, but usually one series of
cracka predoe,Inatea and to thsee extinction ie
parallel. The interference figures are very
Indeterminate, but ece-e of those from which results
were obtained were negative. It may be hyperathene
or else la an internediate pyroxene. Meet of It
haa high interference colours.
There Is a great deal of freeh very
pleoohroio biotltc. Most of the flakes are tent
and cany show wavy extinction. Black ohrcelte occurs
In quantities, sometimes in almost graphic intergrowth
with hyperethfne. Quite a numter of black grains
shade off intr a bright green on thin edges. This
la probably the green chroce ochre halo referred to in
some text looks, though, it exhibits no marked
pleoohrolem. It is not metallic by reflected light.
Every here and there an almost circular zone
of speckled quartz, plagioolaee, blollte and Iron

oxide .. *
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oxiam oocute. In aeveral pieces of plagioelace
there were chloriticed zones; these do not appear
in the ferronagnesiar. nlneral. In the Uotlte,
sir.ai] colourless grains of a n.lneral with high
relief and very tright interference colours occur,
these are probably zircons, the customary dark
halo is only occasionally present.

Small pieces of a bright blue mineral ocour.
They are pieochroic to a paler blue and anisotropic;
probably corundum.

A photograph of this slide is appended (Fig.
4 plate XV) but the minerals are too dark for any
market! contrast to show.

Dr.Hall gives numerous descriptions of
gneiss in his memoir on "Corucduz in the Northern
and Eastern Transvaal" and the pyroxenes and
eur.phibcles are tremendously varied. He aakeo
several references to enstatite but not to
hyperethene or to any very pleoohroic pyroxene. The
exact char&ctei of these n.lnerala o< .14 pro. xbly only
be determined chemically. There is a further
possibility to be oonsid.-ed.

Dr.Hall describes a series of massive
ultrabasic rooks pyroecerltes, hornblerdltes etc.
into which the granite gneiss group is intrusive
but which occur only in isolated patches end do not
form prominent outcrops as the rook Just described,

does at Kahwdal a Fop. Apart from this, time

specimens eee
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specimens reeee,tls the r/.acelre Is,Mo rooks

olcsely than the gneiss. This conclusion was come

to after the examination of 3 eliues and 3 hand

specimens for not much attention was paid to the

mlneralogical composition of the gneiss during the

Very limited time spent m the aree. it may

therefore he toe precipitate. Dr.Hall suggests that

the so-called granlte-gneiee group may represent

two Intrusions and that the granite in turn is

intrusive in gneiss. The relationships however

must he investigated more closely before any

definite conclusion can be reached. The gneiss

in aany piwoes contains a high percentage of

ferro-magnesian minerals though quartz is always
fihiila'*

fairly common (unlike I'-atula +0 Kop).

Hr .Hall suggests that this high ferrceagneeian
content and the intimate association between gneis*
and the basic rooks may be accounted for by the
assimilation of sore of the basin rook by gneiss
at the time of the latter’t z.lruslon. Whether the
rock free Vatwl-aha Fop and neighbourhood is
primarily basic, or gneiss impregnated with a high

percentage of basic material, its basic tendencies

are undeniable.



APATI TI1.

In the Zoutpuretexg Dletrlot epatite ooours

in three form#:- 1'.ae#ive; Crystalline: and
Granul #r.

The ie usually green and
glassy. It has small inclusions of feldspar and

schist and numerous monazite needles, but on the
~fhole is remarkably pure. It is simply apatite whioh
has fonred a thin bed instead of crystallising into
prisms and pyramids.

Mioroeoopioally it is identical with the
irregular inclusions of apatite which occur in the
'mixed rooks’ and which were described in that
connect! on. On Plate 7TVIIff fig.l is a typical
section. The rook is a coarse grained aggregate of
idiomorphic apatite crystals. Iren in these the
distribution of m%nazite follows the esji.e laws as
in the large and perfect crystals, i.e. with the
elongation of the needles parallel to the vertical
axis of the enatlte crystal. All sections which
under crossed rlcole have relatively high
interference colours, have long monazite needle
inclusions. In those with lower Interference
colours, which have teen out obliquely with reference
to the vertical axis, the inclusions%\rceorrespondingly
shorter whilst basal sections show only the points
of emerging needles. In addition to these reAis,

monazite occurs filling spaces between apatite grains

and



and HoejetlEee la grarulM pieces. Ece-e of the
latter uhc* indistinct crjetai outlines but others
are quite irregular. Small inclusions of
feldspar, quartz and hornblende are cam on. They
are in all respects similar to thote described under
'mixed rooks'.

The apatite crystals are hexagonal prisms
terminated by pyramids. Kone were seen with
pyramids at both ends and it is probable that they
rarely exist in this form,. In Canada the same
peculiarity i» found for a complete crystal is very
unusual. All of the crystals show very marked
parting, parallel to the basal pinacoid, and most
of the crystals are terminated by one of these planes.
In size they vary greatly, both in length and in
diameter. The greatest length seen was 2'6". This
crystal oocumd in No.Ill (see page 11 ), and we*
followed into the wall for this distance wit* out
reaching the end.

The diameter of those seen varied between 1*
and 6 *, Both these dimensions would undoubtedly be
found to increase greatly if epocial notice were
taken of all the crystals mined. It is only
possible to estimate the length of a crystal in
situ, however, because, as a result of the farting
planes the crystals either break off when moved or
exist in their parent rook in a fractured condition,

and on the removal of the surrounding rook they

break
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breivk Into p i e . few inch., long. Hone of the
oryetale chow perfect eymnetry, hut all exhibit

eigne of neohanioa". strain. On Plate TVif fig.s'alb*
tracings of the cross section* of two typical
oryetale are given. These weie taker at right angles
to the vertical as nearly as possible. Quite &
nunher of the crystals show flattening, aoretln.es so
that, the longest horizontal axis paeaee from edge

Lo
to edge (see fig.51) sonjetin.ee fron face to face

(See Fig.5 ‘a*.)

One of the most syanetrioal looking of the
crystals has 2 angles of 117f° and 4 of 120i° and
another £ angles of 125° and 4 of 120°. (The
errors in the perimeters are due to the unevenness
of the surfaces which make measurerent very difficult)

The pyrwid faces are invariably S/eymetrloal
and the edges are always rounded to a certain
extent, sometimes so greatly that the faoea Just
merge into one another, end cake measurer ent almost
impossible. The measures!!e angles in the
specimrns available are very few, but lacking tetter
material these are given.

(a) The angle between prism and pyramid f vces
50°, 45°, 50°, 50°, 50°, 45°, 51°, 47°, i.e. av, rage

aogles
50° and (b) inter pyramidal degzaas 35 - 40

Ho other forms than prism and pyramid were

seen in any crystal.

Several of the crystals are twinned parallel

to a prism face. This IB sea* oases is not

definite



d.cm t. twinning tut Ju.t un Int.nwn.tr.tlon.
or p.r.11,1 growth, whioh ooc.lontil, I. not '

J-tM J.1 to th. r.rtlou WXl tut .lightly pl,tM
(«ee Plate JVIZ Fig.2.)

S.r.r.1 of th. ory.tal. h.r. t..r. trok.n and
th.n r.o«.nt«l aft.r a .light aorat.nt hw taken
nac. p.. Pig.3. oth-jr. are twl.tW (... Kig.g).
«ult. a nutter hare yielded to th. pr,..ur. In .or.
than On. way. 8cm. of the cry.tale ju.t taper
off to an end without any pyrarldal point. All
.how varying degrees of oorro.lon of the crystal
faoee wliioh are roughened and pitted and oooaelonAlly
quite concave.

Many of the crystale have a coating,
eepeoially on pyramidal faoee of email, green, glaesy,

apatite grains, eon.e of which appear to be hexagonal,

but the rajority are irregular. This nay be a forr.

of oorroslrn but, more probably, repreeente an
additional growth.

A certain amount of the eurrounding rook
adheres to the crystals, particularly the barium
sulphate rook which, as has already been stated, is
by far the noet coMnon habitat and is really the only
rock in which good crystals occur.

The granular apatite - cr eugar apatite ae it
te called in Canada and Horwaj where it forma an
appreciable percentage of the deposits - occurs only
as a coating of large crystals or occasionally in a

loovely bound mixture with sohist. So massive

specimens of pure sugar apatite were seen, and even
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if further development exposee euoh, it is not
likely to form an important representative of
apatite type* in the Northern Transvaal.

*Ve physical properties of all the types are
eimilar.

T’ cleavage is imperfect and fracture usually
conforms partly to a cleavage plane and then become*
irregular. T..e parting planes, as already stated,
constitute a far more general mode of division.

As regards saly& AlllL,apatite is known to give
different etching figures with different solvents,
hut no satisfactory results were obtained from
experiments in this direction.

?h* Specific Cravit. varies. According to
Doelter t range of 3.09 - 3.39 has been recorded
in different varieties. It usually lies however
between 3.14 and 3.22.

P.Pueireweky, after experimenting with various
Russian apatite specimens, maintained that the
Specific gravity decreased with the increase of
Chloride. This is not found to be the case always,
so is probably inaccurate. In the Transvaal
apatite the specific gravity of the green apatite
was found to be 3.136 and 3.151; that of a dark
red variety 3.165, and that of white variety
3.091. (The first and last figures were
determined by Mr.Weall of the Government Laboratories.
In each case only one sample was taken, but it is
highly probably that there would be a discrepancy in

(SR



the F.G. of any two epeoin.ene, er.n of the <«,,
oolour, ae that factor 1* affected very largely

hy the amount of included nonazite which naturally
variee. Allowing for this constituent, the S.G.
of the Apatite itself would probably be found to te

below the average.

The of apatite is very variable. Green,
blue and yellow are the commonest. According to
Doelter, red varieties are rare. The latter

however aro reported from Norway and Canada, and
occur also in the Transvaal; the commonest colour
in the Zoutpanaberg district is green, but “uite a
number of red iish brown crystals occur and also

a greenish white type. The last is possibly
bleached green apatite.

The massive variety is found in shades of green,
whilst the granular type is the colour of the crystal
to which it adheres. The colour is, as a rule, lost
on heating. Zimanyi found that in those
specimens with which he experimented, decolour!sation
to transparency tookplaoe at 320°. The colour has
been attributed by various writers to different
elements, e.g. manganese and organic compounds in
small amounts, . 02 Carbon, or .011 Hydrogen, bit
nothing has been definitely established.

The Refractive Index in eodlim light is 1.4330 -
1.6482. Variability in this has been attributed to
Chemical Composition. K.Walter caintaine that the

refractive index, double refraction and dispersion,
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all inoroa-e with the Un content, but the B.I. m0et
of all. A connection between optical properties
and Chlorine content has aleo been the subject of
experiznente with conflicting results. As in the
case of Colour, no certain conclusion has been
arrived at.

The mean B.I. of poederei c.een apatite from
the 7outpanebert district is 1.C382. E.E.Lareen
gives the values as e - 1.631 and s - 1.634. He
sdde however that \C?increases with the Chlorine content.
The percentage of this element however is very small*
in Transvaal apatite so that if it alone is
responsible for the rise in the R.I. it must be very
active. The R.I. of Norwegian ohlor apatite is not

known so that I could not estimate ' *ther or not the

increase is proportional.

Chep.ioai Composition.

Apatite is an orthophosphate of CaO with
varying amounts of Ca Fg or Ca CI,,. The Fluorine
and Chlc-ine can replace each other and may,
themselves, be replaced by OH to a certain extent.
There is really an ieomorphoue series from Fiuor-
aputite - Chlorapatite, between which many
intermediate stages exist which contain both fluorine 11
and chlorine. The halogens may be replaced of 0%.

A.F.Rogers hue proposed the name Voelokerite
for Apatite without either fluorine or chlorine. H¥*
explains the isomorphism of Voelkerite with Fieor and

Chior-Apatite by maae action iecomorphlei. in which 1

at oa

-~
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at-an of oxygen ie replaced by 2 atcce of Fluorine.

He dietingulahee between four ieororphoue compounds.

Fluoraputite 3 Ca3 (po, )2 Ca F2
a

Chlorapatite 3 Ca3 Ipo4 )2 Ca Cl18

Dahlite 3 Ca3 (P04 32 Ca CO03

Voelokerite 3 Ca3 (po4 )2 Ca 0.

As these minerals, are indistinguishable physically,

and all have the general formula 3 Ca3 (P04)2
Ca (Fg Clg, CO3, 0), the term Apatite is used to

embrace them all. The CaO in Apatite is usually

replaced to a small extent by lin 0% FegO”and Mg.

The Transvaal Apatite is intermediate between
the first 2 being a fluor-ohlor apatite with a very
low chlorine content. The rare earths are often
associated with apatite apart from the inclusion
of Monazite which characterizes both the Horwegian
and Transvaal types. The Ce percent found by
Soheerer in E.Norwegian augite was confirmed by
Brogger. He investigated the fresh transparent wine-
yellow crystals miODSOopioally and found that the Ce
was independent of oryptollte (monazite needles)
inolueione.

F.fairbmini found in ipatite crystals of Biella
by spectroscopic methods, the presence of
praesodircius®*., and confirms the opinion of Coeea that
all Apatite contains cerium metalsin traces. When

*heee are present in sufficient quantity, monazite

crystals
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272 7T -
Analyst. - Weail, 1925.
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Analyst. - Weall, 1925.

(f) Apatite with rare earths froa Suarun.. Homay.
Analyst R.Weber, Pofg. Ann. 1851.
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(*)

b.
S»20 0.92
r 20 0.50
Mg 0 1.34
Ga 0. 54.67 50.84
Mn 0.

90203 0.49  4.59

Al2°3
72¢ 0
P2os 36.66 41.00
F 3.75 2.24
Cl 0.28

Moisture 0.12

Lose on
Ignition

Silica 0.55
Thoria

Ceria

Oxide

of Yt,

Na, Pr,
Sr.

Deduct
Oxj'gen
["uivalent
of 7 and
Cl

COf 1.50

603
Insoluble

53.9

0.8

41.45
1.6
0.25
0.1

0.4
C 59
0.04

0.66

0.59

0.75

51.97

41.9 40.46
1.55

0.1*

0.1

0.35
0.68
0.045
0.77

0,69

0.7

TOTAL 10033 191,00 101.13 101.235 100.75

53.18

41.82

2a6v

99.40
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In the green apatite (c), then, wae of
material insoluble in nitria acid and 2.8f in the
white (d). This would include free quartz a>d
monazite. Apart from these there are no
impurities such ae alValie, kg or Mn in the apatite.
By compari e«i with analyses of 80 different
specimens of apatite from different parts of the
world (given Ly C.Doelter in hie Handbuoh der

neral/Cbieiiiie), the lime content of (¢) and (d) is
a good average. The Fe20”, and Al1203, vary more,
ae these are effected by external agencies but on
the *hole in these too (o) and (d) are average.

The p2°) though it appears high in theTible
above, is not by ani’rears abnormal when ocepared
with the wider range

The highest PgOg content given by Doelter was
44.6 (Apatite from Tyrol), and the lowest 36.42
(This is a very incomplete analysis, the lowest
otherwise being 38.14). There are only 8 out of
80 with PgOg above 43#, and 3 below 39#, the
majority being 40# and 41#.

The fluorine and chlorine percentages, however,
are distinctly on the low side. Very few of the
analyses had a cwhined ah MJogen content of less
than 2#, and those were chiefly chlor-apatlte, some
of which had only a traof of Cl and no Pi. As regards
rare earths, only 4 analyses are given of apatite
containing anye One frureen”and has 4.69, and
3 from Guarurn, Norway, 1.86, 1.75 and 1.74.

There retains only the question of the

inclusions
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inclusion* to te dlaoueeed. These are ohrloue even
to a oaeual o'beerver, partloularly in the White
apatite in which the yellow and trown monazite
needles show up well. They seer> aleo to be n.ore
numerous in the red variety than in the green. The
analyses and specific gravities of the varieties
seem to support this theory, as well an the fact
that in Norway where green and red apatite ooour,
the monatite needles, called oryptolite, are
acknowledged to be more abundant in the red. In
every instance, the long axes of the needles are
arranged parallel to the vertical axis of apatite
crystals. The needles should more correctly be
termed flattened prisn.e. The length varies,
several more than ”~ cn-s long were found, but the
average is 1 om. It is sometimes difficult to
tell whether one needle is running into another. The
breadth is usually about 2 mme (with the naked eye).
The third dimension is too small to measure. On
closer exarination it is apparent that the flat sides
of the needles are parallel always to a pair of
apatite prism faces. A diagram of the arrangement
ie given k On Plate XVIH fig 2*

A thin slice of apatite, less than thick was
out as nearly as possible parallel to the base, and
cemented to a glass plate with Canada balsam. This
was used in a radio-active photographic experiment.
Every precaution was taken to exclude light. The

result is not very satisfactory because, as it

appeared
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appeared later, the monazite i» only mlightly
radio-active heoauee of it. low thorium content.
In a taeal section too, the section, of aonazit.
expoeed are so Mtall that in apy case a .triking
p; .~ograili was not to have been expected.

A fter six week, the plate waa developed: a
very light print is given on Plate XVII fig.3. in
darker print, the arrangement of monazite wae not .0
clear. The imprint, of the smaller needle, are
blurred, but in a few of the larger one. the
parallelism to the prism face, of apatite 1* evident.

Two thin section, of crystal apatite were
out, one basal and one prismatic. The apatite is
crowded with inclusion. . Tfoe %onazit. is not
always in needle form, tut sometimes in email
irregular patches; the larger bodies are always
crystalline.

In the prismatic section the irregular basal
parting planes are very evident, some of these are
filled with mcnAlte; and one of the cracks is filled
with granular quartz. Most of the monazite is
distributed in long needles at right angles to the
cracks. It is honey-yellow in fairly thin pieces,
and brownish in thiok sections. Irregular fragments
of monazite and minute dark spooks are scattered
throughout the section.

In addition to the larger yellow monazite prisms
there are myriads of tiny colourless r.eedlee wit>. the

same orientation, all lying perfectly parallel.

These



TVese are visible even under low power where,
however, meet of then, appear ae single line*.
When a email pieoe of apatite ie put inko Hydro-ohlori
Mid it ie attacked and partially dissolved, and from
a baeal section a forest Of these ainute colourless
needles protrudes. They are, of course, extremely
brittle, and fall off in a short while. Many of
these are undoubtedly thin monazite needles but others
are believed to be quartz. (The cherloal analysis
of the foreigr matter in apatite indicates tve
presence of free quarts). The difficulty of
isolating them and their extreme thinness made a
determination difficult.

On fractured prismatic faces of apatite, long
glassy green strips appear which look like quarts
inclusions, but which are the smooth Junction of

apatite and r.onarite after the latter has fallen



This mineral oooura as already stated, in two
distinct fonts. In fins yellow needles in the
*patite crystals, and in larger, reddish-hrown,
rolled grains distributed throughout a narrow
pegmatite dyke but concentrated around apatite
inclusions (Bee page 29%).

A similar phenomenon is found in the granite
of Arendal in Norway where wine yellow oryptolite
prisms occur i” thr 2zlApatite crystals and are cabled

manai.Xhc
oryptolite, whilst in the granite itself £pat**w
occurs as reddish "fragment* and rolled grains or as
large coarse, reddish-brown crystals*. It 1is
not known what degree of coarseness is i&”lied by
the above statement, but non* of the grains from
the pegmatite of Bchaapkraal show'1l any definite
orystalinlty. This is the only apparent point of
difference in the two occurrences.

The terms "oryptolite" and "monaxite" will be
used to distinguish the two types, though they are
thought to be identical/ mineralogioa”ly, the
difference lying only in colour and mode of
occurrence.

The oryptolite was identified first by
chemical tests. On treating apatite crystals with
concentrated nitric acid, it dissolved, leaving an
insoluble residue of thin needles of an obviously

foreign mineral. This resides when fused with

Sodium -..
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Sodium Carbonate before the blow-pipe, dle.olred in

nitrio ajid, and ajued to a solution of (KL"llo 4
gave the bright yellow precipitate oi a phosphate.
Monazite is the only fjfcirly ooaa/ion phosphate
insoluble in HHO3. A tare eartUs test was tried by
boiling a email quantity of finely ground powder with
from 4 5 drope of concentrated sulphuric acid for some
time. When cool it was diluted with ID cos of water
and then amroniua, oxabte added. A heavy white
precipitate formed

This is a preliminary test for monazite or
xenotime. In dilute hydrochloric, nitric ar.d

sulphuric acids, the mineral bleaches but is not

attacked. In t trated sulphuric acid, however,
after boiling fol- e time, %thick gelationous
precipitate eettl. but the process of solution is
extremely slow, .liar 'sets were tried in the case

of the dark monaziiw with the ease results.
Spectioeoopio methods were then tried, as these
constitute an infallible proof of the presence ofrarw
earths.

A email hesp of oryptolite was placed on a slide
on the stage of a Fuses mooroaoope, which is provided
with a erall adjustable spectroscope. Light was
concentrated on the powder by means of a powerful
condensing lens which caused it tojpenetrate some
distance Into the mineral before being reflected
back through the microscope tube. A spectrum

resembling that of monazite was obtained. The

instrument
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inetrumenlL wae not perfect enough to Aeteraine the
finer lines, but the dietrihution and proportion*
of the main dark hands were sufficiently accurate to
prove the mineral to he monar-it*. Ar exacdnation
of dark nionazite gave no spectrum however. Thie
wee, without doubt, due to the opacity of the
substance which does not allow the passage of light.

The mineral was therefore decolourized by
boiling in acid and then re-exar ined whan a spectrum
slellar to that of oryptolite was obtained.

The radio activity of monazite is injdireot
proportion to the Thorium content. Some of the
powdered monazlte and some oryptolite were exsetined
*n ~ electroscope, but the result was disappointing
for the gold leaf indicator moved very slowly. for
comparison some monazlte from Bttabane in Swaziland
was examined” and showed a much higher radio activity.
This may have been due partly to the 'act that tfcga
tfce material had been stored for several years in a
closed tin.

CoTireroially, monazlte is by far ths most
important of all the rare earth minerals, and it is
almost entirely to the Thorium percentage that It owes
its value, for its chief use is as « source of Cerla
and Thorla used in the ranufaoture of incandescent gas
mantles. The percentage of thorium, however, varies
tremendously, from 1 to 29% but averagssAout
This variation has been the cause of such speculation

and, more recently, of cany experiments. There were

two
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two poeeltlli tiee of combination, by mechanical
mixture or in aolid eolutfOn. Perfield found an.aii
dark apeoke in monazite, which he believe* to be
thorite, (Th Si 0%), and that Th was embodied in
thie form.

ftreee and Metzger, in over SO analywe* from 30
different epecimene, came to the conclusion that the
Thorium present ae phosphate is an essential
constituent, but that there is always seme admi
silionte, probably feldspar.

[Xielter, after considering the results of nany
investigation* expresses the opinion that monazite is
a solid solution of cerium phosphate, and thorium
phosphate, and occasionally thorium silicate (Thorite).
BiOj,, Ce203 and Th02, may be present in small amounts,
but the theory of the irmohanioal mixture of ThOg and Ski
ThBi6ég with monazite is not tenable.

Ihe following analyses were made by Mr.Weall of
the Government Laboratories, (a) of cryptelite, (b)
of monazite from Bandolier Kop. Unfortunately the
eare means of separating the two types from their
country rook, was not employed; the disorepaneles are
due to thie fact.

Analisis (a) is that of the Insoluble material
after treating an apatite crystal with concentrated
and would include anu free quartz in the sample. Am
already stated, there are number6of fine colourless
needles which are believed to be quartz ard many of
the cryptelite needles appear to be surrounded by a

thin casing of quartz so that this constituent would

be



b« present in sppreojable quantity. The very hlgn
eilioe percentage and the ooneequently auuoh lower
percentegee of other aonetituente in (a) le explained
in this way.

(a) Analyeie of insoluble eatertal., after

treating an apatite crystal with

810% 24.4
PgOg 22.15
ThOg 1.6
Ce02 27.6

Oxides of Yt,La.Kt,,Pr,Xr, ?4.6
100.9

If this insoluble material had beer finely ground and

shaken up in aethylene iodide, the piartc would have

b<in separated. This procedure was followea in the
case of mb*. Tlie average silicate percentage of 11
analyses given in Doelter was 1.835. If this is taken

as the silica content of Bandolier Kop cryptolite,
the preoeiltiigee will be raised to the figures given
below,lf\fv(hié)h are nearer to ordinary analyses. This
is rdrittedl ¢ inaccurate, because certain analyses do
give a fairly high GiOg percentage, theu”. never as hlg;
as 24.4 The highest found anywhere was 9.65, which
wamn very abnomal. The najorit; lay between 1-27.
A table of 6 analyses is given below for
oomperi eon. fa,) Cryptolite, Bardoiler Ttop, (t)
Monazitt frm. Bandolier Kop, (o) S'rth Carolina,
biggest producer of aonazlte until the opening of

Brazil. (Analyst A.Thorpe 1(96). (d) Brazillen-
Espirtu



ilspirtu Farto (Analyet Sidney J.Johnstone 1614).
(e) Transvaal (loeallty rot given. Aralyet L.Andersen
Aare, 1905).

TABLE or ASALYBEE.

Ce 02  36.79 29.10 1
crsp3 (34.13) (27."5)  25.98 )62.1£  34.58

L*%>3 | 733.60 23.62 11.25
aV a 32.17 16.00
v2°3 Ij I 18.14
Ir2°3 54 1

Th 02 2.07 2.40 18.01 6.06 3.5%
P?2°5 28.72 27.70 28.43 28.50 27.38
Ca 0O 0.40 0.91 0 21 0.31
70£33 4.00 0,97 0.44
Al12°3 .60 .10 .86
Pi o2 1.84 1.80 0.75 1.52
Bn Og 1.62 0.29
M 0 1.33

Ta208 0.15
Lose on

ignition 0.38

Tot-»l 100.59 99.60 99.90 99.89 100.64

The r ost notable feature* of la() and (b) are
the high peroentaree of oxides of Yt, Er, La end W,

their low ThO? content and the very high Fe?03o0f b.

In 60 aralyeee nf ronarite froir all parte of the world

only two were found with FegOj content anywtiere near



true. One was Impure monasite Trcm Homay, 4.63, and
one from Northern Nigeria, 3.00. It im probable that
moet of thePegOj ie eioondary, which oonolueion i»
supported by physical eridenjee.

The "andolier Kop Znnazite is of no value
commercially, even had there been large quantities of
it, beoausr of its smell Thorium content. Thio
applies also *o othei fouth African nonasite.

Bone very intervetlng experiments have lately
been carried out in thorium, bearing rooks in
connection with estimating the <*e¢ of various rook
formations by determining the proportion of helium
given off by radioactive substances presentjin them,
or by the ratio of lead to uranium, or lead to
thorium, the rate at which these substances
disintegrate being known. Results have been checked
by specimens of relatively known age. Lower
Devonls', rocks huve been estimated at 370 rill ion
ie, r*. »nd Pre-Cae.briar at 1000-1640 million years,
wtiioh is greater than the >ige estimated by either
palaeontologists or physiols i. Thorium is
important because Helium is almost iyer found urleee
fhorlva 1"present. Uranlus. and Radiie compounds
containing Theriia nay have no Helium. llears of
estimating the helium content are not ordinarily
available. If they hid been it is possible that whexe
the palacortolcgie*! correlation of Fouth African
etr"ta wjt> those in other ptuts of the world baa not

been feasible, the** chenicul n.eth'de would tuoceed.



Fijgj F ve'm of aftaMe in jaeqme'fit'*. Qvvzwtx i& vevy d»rrk, VU.1A%
ye”r , F*M»|w i& muck discotoure«l. pt-iahiiw. »& st«r*ouncle«j a
* Urtck zone ot monr*ZlHt and h»* numereuA minute

«nrluston& « the tsamo ntinerni (< Wi SH* pay.
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a flrck. zone tit mon»Zthe. and has numerous minul'e

inclusions o! ihe t>nme mineral (,5r.cm*n nars.ic e« iP<g 3$x
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T'-e coouirerae of red c.onaeXte ie ohcmm on Plate 7VI
fig*. 1 and 2 und rn Piute TIX f.g.f. The
peicentage cf fcoraritt in theme tpeoinere ie oWleumly
very truoh vijher thar in the normal apatite tearing
pegjiati+te. The irolveiore of rcnarite in the
ai“atite todies are ver® rueerevt end the latter are
eurrovrded in addition ty a bordering of ncrarlte
griine . little veins cf the led rineral tran* out
free this border into the peyr atite and isolated
grains and sjf*oVs ar? scattered in the vicinity. The
figs. on Piute "'lUtcth show the apatite inclusions
but in fig.f on Plate XI7 the fist face of the
epe.iin.er. is out parallel tc the inclusion a:d 'he
daik trids of monazite ere cross recti one of veins
brar ehing o f fra. the apatite. It would seem
therefore that there the rare earths were present
in large iMusu'*itics, iLonazite separated out first,
lining the irregular space available and pushing
into an) radiating ouviti e* u. til the 'ei, peiu+uie
or c*hei err titiont governing the crystal]isetion of
apatite, allowed that rine-al to sliiify in conjunction
witl the amBIl *err>art of roonazite solution.

A BScrrscopiC slide was rade from the face of f
the speoimer shewn in fig. f plate TIX. > sketch
of it is given abort. It !s eviderton casual
exar Instion that the red colouration it concentrated
in cleavage piares and cracks fr» which it <!reads
outwards until occasionally whole 6reins are stained
e brownish red. The colour varies in intensity

I M -



Dvawirrc” slide sWowmgq Concerrhnahorr of-
I. an oacfde in f“eavaqe creek's m 0 njrr.ilte  LigWt-
material is quartz., "yiey is decomposed included

I piece o’ rrrnqtrelike on VW« v-mVtk

) Bnd Spel.'men j-rom wWicW *lide was taken

s(rowifT<j monaxike &y uartz and narrow Vein

o| ScKisf" rLnmnq “rom !ej*k ko rigkrt



teing very denee in grnire w”ioh ere ti&vereed ty nary
oxaoVa. large jlecee hcwever, often »how no eigne
of thie impregnation and recaln the light honey yellow
colour of the oryptelite needles. The nature and
nanner of the red colouring, ae well & thc”igh
percentage of Te”O” shown ty ohenical analysis,
leavee no doubt that lion oxide is the colouring
agent. It is of secondary origin and probably derived
fron. the iron bet.ring minerals of included schist.
In the elide a pleoa of cagnetl e la seen ir. the
Diddle of a dense red patch and irregular inclusions
of greenish grey schist aze OOBHOR. The quarts is
impregnated with foreign rattei along H'|] cracks.
It oooure in fairly large pieces ardju granular at the
margins. The cleavage is very distinct in the slide.
Pobe fragments show perfect parallel cleavage,
**heie an intersecting rhoeblo cleavage which
however is not so cietinct. Others she* signs of
three cleavage directions but ir such the spreading
of iron oxides has peeked the angles.

According to Levy, common forps in ronazite
crystals are ortho and olino plr.acoide, a (100) A
b (010), heriprimrs in (110) and n (120) head
orthopriere w (101 ) A x (101). hectelinofprior
e (Oil), heripyiaoid v (dIl).etc. basal pinacoid- rare.
The habit is tabular W-a drystale pay be needle echapod

parallel te V
by elongation tt-1"axie cr prlwatlo ly a good

development of V.
Cleavage parallal too la perfect; parallel
to a distinct and parallel to b difficult. The
pl Bl4 see



lJane of ttie optic &xee IB peii“rdloulBi t.c b

and nearly parallel to a. The acute Ueectrlx le
inclined +o a ,.t ar arle of 1° - 4°. >e 1o
dlatinot crystal B were found%n lark ronatite the
actual frra of crystallisation is unknown. Early
reports cr oryptclite clnse the mineral ae either
tetragonal o'- hexagonal. Both the oryptclite

and dark n.onazite froo, Bandolier Fop however gave
tiaxial positive Interference figures.

The evidence of interference figures alone is
rot sufficient to detezeire the oryetrdisation of a
mineral and even in these iron oxide masked noet of
the figures irAPII;)?)nazite elide and a thin film of
apatite either above or celov confused the figures
oh*nired from fine needles of oryptclite.

The few indications obtained however accord vith
those giver by Levy e.g. In the dark nonazite the
best figures were obtained free pieces which did not
show good cleavage. These shewed the emergence of
both optic axes. In the oryptolite the needles will
only lit on one face so that nil the figures obtained
were c2' one type, showing a large axial angle, broad
ill defined brushes and no coloured rings which is to
be expected if elongation iepaiallel to b. It i»
highly probable t}*t the crystallisation is the eare
ae that determined b, Levy and Dana. Fo alter stive
elongation is giver in any of the has text books to
which reference was cade tut possibly all the auV ore

tItlvV # e . .
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have icoeyted the original description ae correct.

In section* ehrwing t>nl> dtoeperfect cleavage
the extinction « are mir.all mvarj.ing fra 4° - 12°.

It colour” lustre, hardneee etc. the ronazite is
according to tjpe. Ihe specific gravity delerrlned
hy a specific gravitj tcttle is 5.165 (According to
I'ana, P.O. of monazite is 4.6 - 5.3 tut t-cstl) 5.0 -
5.2).

Mineral oglcally and in its moede cfoocurrence
the Zoutpftreherg nonazlte is slailar to that in other
p~rts of the world except that no references cftn te
found anywhere to the fringing of apatite veins and
inclusions by solid conazite, so that it is either
unique or hitherto unnoticed.

MonarJte is an extremely stable sineral. It
occurs in situ only in old rooks. According to

levy it will probably never be fovi.iln Mesozoic
rocks, and yet it is alwale fairly fneh. The
crystalline paterlal is found aon-etisee in velne, tut
more often in tiny crystals diere*insted throughout
the r&ee.

Lindgren eays that nonazite is found only in
veins developed at hl#i tea.pejrature, an jfiot in those
rearer the surface or under conditions of lessened
tee perature and pressure. In Borway the pe@atite
dykes containing monazite are granite off-throws.

j:, Carolina and Georgia and in the Aymore'e k<>untains
in Erazil it if both aaseiv* and granular and occurs
in gneiss. It is quite coea-on in pegmatite veins

in granite. In queensl and, on the Valeh andTinaroo

mineral



Bj.n»ra3 fields, It is found loth massive and granuler
in veins in granite associated with wolfracite
molybdenite and oaeeiterlte.

In stall quantities It has a wide distribution

as an accessory of granitic diorites and gneisses.

In Fouth Africa the thiee known oc/' rx sincee a*
Mbabane In Fwasilard and Pardclier Kop in the
foutpareterg District where it occurs in fcwazilar.d
recVs and at Hcutentek in the Dushveld where it is
associated with fluorite, molybdenite, etc.,in veins
in Eushveld granite.

By far the most important source of the mineral
is not free the parent rock but from the eande

derived from it which collect in river courses and
teaches. Magnetite, ilmenite, sire on, carre+ and
quart' occur ccamonly in licnazite sands. The cost
extensive deposits are in Brazil in the provinces of
Minas Geraee, Bahia, Espirito Barto, and Rio de
Janeiro where they feat part of the actual teach
between tide marks. Here, the large quantities
available, the high Th percentage, the even quality
of the eand, and the easy transport, have rade these
deposits the most importantin the world, and since
their discovery, the Carolina mensalt# has scarcely

teen worked.

Other la.ere deposits are in Ceylor in Irdia in

the Ftate of Travanoore on the coast. This latter

contains



contain®* 8-1# Th and i* of high grade. It i»
found &l»o In queeneland, Vadagfacoar, in the Urale,
in c.any porta of the Pacific State* of North An.erioa
etc. Until the earde have teen exhausted, which
wil | not tc for a very long tiae, rocV deposit# are
not likely tote of any value except thee* nth a

very high Thorite content.



A CEKE /L rm»v.«.ri or Tin: HATUKK OF m  APATITL re>oeiTé6.

Fror the foregoing it ie evident that the Apatite
oooure intimately connected *Ith pegratitio intrueione and
i» nuhject to the vagaxies coneon to eueh hodie*. The
gneiee in » .uh the pegmatite ie intruded has every
ajppe iranoe of Veing of igneous origin and haeic
oor.poeiticn ae evidenced by the overwhelaing percentage of
ferromagnteian minerals, supplemented hy baaio plagioslase,
garnet and iron oxides. Quartz arid orthoclaae are not
essential rinerals.

The structural trend <? t"# greissie reel's is free.
u3.w. - t.K.t.

ETT*t.- K.F.V. This has influenced the”ntrualon of <he
pegratite bodies so that the main deposit at Ho.l has an
intertedded relation to the gneiss bordering it. The
apatite in the pecratite has followed three lines and”cc.re
in bedded veins wit" the strike and dip di: eoti one of *he
other rocks. In eore places henever the pegmatites are
found cutting icroee the general trend of t>ie countrv rockr
axil are far more irregular as a result. Consequently the
apatite cental e4 may swell out into p<cvets, branch into
arall veins or lie out. These irregularities complicate
mining.

Tv-g phosphntoe are never found at any greet distance,
from basic rooks so that they tend to hr concentrated within
the pegmatite body along its margins or occur” in small
veins and stringere intrusive in the ooontry rook.

Apatite may form u: intimate mixture with the
gneissoee minerals but is ahnaye accompanied by a oartein

er.ount of its parent pegmatite. T»e mixed rooks of the

transition
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transition zone therefore contain all three type rocVe.
The soft green sohiet whiah oor.urs so intimately
usBosiatel with apatite nearing pegmatite is Leliered to
represent altered gneiss, of whi ah large lodise were
included in the pegmatite n.ngna

The effect of the pegmatite holies on gneiss is to
alter much of the augite to hornblende. No augite was seen B 1
anywhere directly connectsjfwith apatite. A further stage m
in the alteration changes hornblende to liotits, so that
lordering peg?ati +¢ todies there is invariably a soft rone
of bictite, chlorite, feldspar rook whio> crumbles easily
when rubbed. Where the pegmatite veins are thin the
metamorphiso -reduced in the adjoining -neiss is not. so
rnrked. It rerain apparently una e ed am Ir the tea
rooks of the etrear to the south of the workings and thehard
gneiss foundin No.Il. The latter apparently marks the end
of the pegr.ati*e in that direction and represents the edgs of
a large body of gneiss. This fact is borne cut by the
whole hill northwaids being covered with boulders of gneiss.
Though not altered to soft material its minerals have been
effected by their close contact with peijmatite with the
result that im erse piartitiee of bictUo are found.
Quart* becomes an important constituent and the augi*e is
Very plecchroic Whio- are factors absent from the gneiss

further away e.g. I'ahila’s fop.

llrnazite of a low thorium content is present in all

the apatite in the form of fine needle. Which follow the °

dr/.t«mn. nr.otior. of th. lh< <m» »
idly 1. ...ry ncrro. th. p.r..ntv . of ,-h.oph.t. iror.....
rtmstlt. ooour. in IW..1T. fonr. 1?7 »e
) to th. oont.ot_Vvp.tit. with th. oth., W ti1t.
noticeably
ml neral 1.

Masses
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IX»6«s of t&rite very irregular in font tut
following the apatite cloeelj and tut a rule .enoloerrf”Lt
ooour aleo in »ne pegnatite todiee. larite does not
itix to the eaire extent as apatite with the country rocks
though occasionally s&all pieces of it occur ir tixed rooks,
«od wherever it occurs, apatite is found either massive or
crystalline, ertadded In it rather than in “uarti. and
feldspar.

The feldspar too is effected ty it & oont«i;t with
schist and phoephatlc Binerale and show” discolouration.
It sl+mre ocnronly to epidot* whjan occurs fillingin cany

the cracks in pegn-atite.
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A CO15PAMG611'" OT THE EAMMLIBE HOP APATITE WITH
Bim AE DKPOEIE IE HOEWAY L CAEADA,

In both Korwfcjr ard Car.wda apatite cocure in
pegr. atltee In the Laurentien Group of arohaen rooke.

The noourrerces are in many reepeote BIB.I11 ar and
both reserble the Eovth African deposit. A
comparison can rore easily be made by dealing with the
foreign deposit * separately.

"he I?orweglar.. Most of the Information regarding
these deposits was obtained free O.C.Davies' book on
Earthy and othor ninerals anjoining suppler anted by
brief accounts frnt. various other sources.

The literature on the subject is not abundant
and r.-'-ft of it unobtainable in this country. The
deposits lie in a strip of land along the east coast
of Korway, west of the Ekager Pack and extent frar.
Krajero to Arendal. The parent rock is a dark grey,
granular, gneissio rook with a high X of hornblende,
which determines the colour. Apatite occurs in
veins, nests, pockets, in beds ;see plate TX figs
1,8,3 A 4) and in large crystals.

The veins are shrinkage cracks filled with
apatite and its associated minerals. They run for
several hundred yards along the strike and "he *
apatite lies in these veins in pockets and wedge
shaped asses averaging 4* by 8*, which are connected

by etrings of apatite and hornblende. A hornb: ende

casing
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oaeing of i" - 1* thiok surrovnde all apatite todlee
and wherever thla continue# the n.lner ha# hopes of
finding another apatite pod et. The reetof the vein,
about °z5, 1# dull quartz. The vein# are rot alwaye
oontlnuou# in depth and their worth oan only be
eetlmated where a long etrike 1# exposed.

Vhere apatite oooure in pocket#, #iir.iiar
oonlitlon# prevail but the apatite is nore uncertain.
Xn one oa#e a cluster of neet# 50' in length died out
at a depth of a few yde. The hornblende crystals
alwaye point in length, towards the apatite.

The n.oet valuable deposits occur in bed# free
C* to 2’ wide interstratified with gr.ei#'>io rock.
They are not regarded by all a# true bed# but limply
vein# occupying beddingplane# for though B*any are
traceable for eon.e dietance on the surface, others die
out at either end in thefspace of a few feet. In this
type especially good separate crystal# of apatite
occur. Much rutlie is associated with the apatite
which range# in colour from crean. white and green to
red. The Norwegian apatite i# essentially a
ohlorapatlte.

Davies say# "the containing gnelsslo rook 1#
often varied by passing into large passe# of pink
md red feldspar especially in the ismediate vicinity
of the apatite pockets. Dykes of the ease substance
and also of granite not infrequently cross the strata
and out off the veins. He however without any
hesitation attributes the apatite to sedimentary

agents



agents, andjLnfers fron the ateeroe of ary organlo
rename "th"t they are the original deposit# of
apatite fro*, phosphatie ratter dicoen.inaled in the
water of three ecarly eecae, derived prohatly fro*
gaceove en.anatione and eruption# in the interior of
the earth and deposited puie ai.d ain.ple without having
paseed through the structure and suhetanow tf livirj.
organiare. The gathering of the mineral into
separate n.aeceece dietinot from, the ieet of the strata,

with the crystalline fringe of hornblende and

titaniferoue iron ore, indicates considerable oh* leal

motion, with its resulting oryotsTIne conditions,

subsequent to these depositions of the phosphatie
natter." This description was published in 1892.
The author had spent some time on the workings ana
his theory of the genesis of the deposit is
interesting >eoause it would represent the opinions
generally held rt the time when the workings were
at the height of their development. He does net
apparently conn ot the "masses of pink and red
feldspar in the immediate vicinity of the apatite
pockets" with their genesis.

In the apatite crystals of these deposits,

particularly the red variety, needles of cryptolite

ooour, in rlnute 6-.1d.d prim, (.oocrdln* to S..1..)
this oryptollt. hu since trorcd to L. soni-.lt. .nd

It 1. irot.tle thst th. 6 .Id.d d.oorlttlon 1. .n-

error.
The writer was unfortunately unable to procure

Brogger'e
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Frcgger'e treatiee on the igneous rocke of thie area,
including a (Uecueelor. of the apatite pega.atite which
ia the standard work or thia eutjeot* La+er
writers however apparently on hie authority place the
Ncrwogian deposits in the category of basic
PSgTatitee and do not question their igneous origin.

The Canadian Deuos”tp.

Apatite occurs in vast quantities in the
Provinces of Quebec and Ontario. legarding these
there is far n.ore information, th”ost mluable
being contained in a n.en.oir by Hugh B.Fpenoe, If.E. on
Phosphate in Canada, published by the lines lranch of
the Canadian Department of Vines. This is a vary
complete description and discuseior of the deposits
although more from the economic thai scientific *
standpoint.

Apparently in Canada as in South Africa the
problem of correlating arohaen strata is very great
and the pyroSXoenites with which apatite is
associated may be netan.orphio products of pre-
existent sediments formed by the agency of injected
acid trasses, or dykes of later origin than the rooks
enclosing them. The latest geological survey
1913-1920 recognises an old sedimentary series of
1. Quarts rock; 2 Vii#l#*, Fr*

3. Cryet limestone. All theeo were intruded by the
pre Cantrian basal oonplex which ranges from

pyroseene granite to perid”tite and possesses every-
where a rnelssose character. All the fon.ei were

intruded later by diabase dykus.

) This recognises f gneisses, 1 sedimentary end
1 igneous. Apatite is associated with the former

and .. °
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and le therefore oonteiupormneoue with the intrusion
of the sedimentary series by the basal ocaplea. The
intense n.etut,or™.tsn, which took place before the
intrusion of the diabase dykes has greatly obscured
the original relationships.

Apatite bodies occur in a number of fowis/
-enecially irregularly shaped pockets Joined up by
small stringers or veinleie see Plate 7X1 figs, 1, 2
end 3. Various olaasifioations based on local
Variati one in form, association of constituent minerals
and the nature of the enclosing iook, have been

attempted, but as the depoe.l ts are all of similar
aga and origin and one type of.ten merges into

another, such distinction seems futile. Ifr.Bpence

objects to the term "vein* in connection with apatite
for he says the deposits have no defined walls - the
bodies usually having the appearance of having
segregated in place from the enclosing rook or of
being a metasomatio replacement of the latter.

Three phases of the type deposits are recognised
which grade into one another, (a) Groups of several
narrow and approximately parallel leads, separated by
bands of pyreﬁenlte or gneiss. Length along
the strike varies free a few hundred feet to much
less; width from 25 feet but usually much less.

They are generally vertical. There is always a
certain mount of oalcite. The walls of the deposits

are a casing of dark coloured pyroxenite separating

it free the gneissio rook.

(b) Instead of a uumber o' leads 1 main tody

occurs usually 25-50' wide. These carry even rore

0slot f@ #-+ »



oaloite th*r (a). Throughout the latter n.ineral there
are ruceroua scattered email phlofoplte and apatite
crystal#,

(o) In #tioh foni all eooncnioaliy important
apatite bodies are found consists of irregular
pookets, chla.ne} e or shoots in a rook eonposed of
pyroxene, feldspar and quartz. These are seldom
at all regular and aa* die out suddenly in depth.
They may be joined by veinlets or be quite
diaqorreoted. Mioa andCaisite occur in large
ar " but apatite preponderates.

Crystals of pyroxene ins the walls. The
deepest mine is in the Lievre district where a

deposit was worked to a depth of 600’ where apatite

shewed no signs of dying out. The pockets and veins
conmoply dip between 45° and 90°. As a general
rule the veins dip at h# free 60 - 90. The pockets
too are nearer vertical than horizontal. All
however widen and narrow considerably.

Apatite occurs in 3 forms massive, sugar and
crystalline. Massive apatite fours the bulk of the
filling of the larg. pockets, usually dark green
but occurs in red broen, Jfexlowish and blue shades.

fucar Apatite consists of snail rounded grains

gum aggregated into coherent nasses but which will
rea illy disintegrate on rubbing. The colour is greenish

white. As a type it is less common.
Apatite consists of priese tenrlnated by pyrearids srd

is especially oore.on in those deposits where mica

and

hr
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iind oaloite are atuniant. The teet eryetelm are

obtained free pookete in pjroxenite where they ooeur
lining the welle closely aaeooiated with pyroxene
oryetale, enclosed in oaloite filling.The angles are
ooneplououely rounded, sharp outlines being very
rare and the faoee are frequently pitted and exhibit
a glazed eurfaoe as if they had been subjected to
8ob« reeorbent action. The Canadian apatite ie
essentially a f*"Torapatita (Fee analysis on page r1)3

The pyroxenites are principally monoolinio
though orthorhoabio varieties occur. In colour they
range free, dark green to light grey sor,etin.ee a
large amount of black hornblende is present. The
pyroxene frequently alters to soft greenish
aotinolite when cut by large pegmatite dykes.

The irregular iraeeee or grey-brown feldspar,
orthoolaee and niorocline or feldspar quartz bodies
are frequently xxund in the pyroxenite. They are
extremely unlfenr in character and are regarded as
being th”last (an<”“egnatitie,jhase of the intrusion
of the basic basal ocapiex. They bear therefore
only an indirect relationship to apatite and by no
means the intimate association dhown at Bandolier Fop.

Rcapolite is an important sineral in the
deposits and is usually regarded as an alteration
product of feldspar.

Barite is only found in one spot where masses of
small tabular crystals were found encrusting druay
cavities in oaloite. The mineral occurs also in
sm.alljrelns in both Ontario and Quebec but i“et

associated ..,



associated with apatite. It is impure being grey
or reddish brownin colour.

Caleite is invariably present.

Chlorite ie apparently not Txery ccajnon.

Epidote is occasionally met with. It is

greenish yellow and occurs with dark pyroxene.

Garnet is cam-on in the gneisses and limestones

but rarely foundjin apatite bodies.

Hornblende as a peeudomorph of pyroxene
is very common and it occurs also as a primary
mineral along borders of pyroxerites with
1 Ac*moViTe * 11 18 4Uite freeh 8ind tlaok and lustrous.
Cietwelite im stout green prisms, fibrous mountain
leather and asbestos also occur.

Magnetite is not otajr-on.

Orthool aee is usually subsidiary to
r.lcrocl ine which is the common*.t fefspar.

Phiogopite Mica. It is for this mineral
that the deposits ar« now mined, apatite being only
a bye product. The crystals are sometime# very
large up to 4 feet in -iiapeter”fsr larger than
anything seen at bandolier Kop.

Quartz is somewhat of a rarity.

The other associated minerals have not been
mentioned here beoaut e they have no counterpart
in the Transvaal and no direct bearing on the nature

of the occurrence.



The question of the eeneai* of the Toutpanelei&

phcaphqte iepceit* ie great).,> ocfcplloated hj the occurrence

of 3 n.inerale, ooeJLonly aeaocieted with widely different'

origine, occurring in the maiue formation. Lonezite ie a

priir.ar™ igneoue tineral; Apatite nmj te prir. ar® or

see nndary , igneous cr eeiic.entary; wliil st i-arite in mn)
quantity ie invarially a secondary aineral.

The t\ o greatest apatite deposit* in the world, which
Vave just teen deeorited, presented great ajffioultiee to
the Pining engineers and geologists who studied 4h«i

The uncertainty enlraoeC the eaeocieted tteio rcoVe ee ft:;

ee the ej»tlte. » e opinion' hitherto expreeeed here lean
ixiied wet.,en ..11, artery apetite. dapo.ita eutaaw.ntly
r. arorpho.ed end in ea-e Inetanoe. rwiietriVutrt in rein,
hy a, ecu. aolutmn. and thirdly, apatite con eoted «ith

the intrueion of la.lc

igneoue rocVe. There ie rerely a
eugeeeticn in any literature of the aacooieti of
apatite .. °

prctaiiy



irofg.l.... and Uae.tone. a» .Wlm.nt. ie no

Th. A~ lgn.ou.

L = y4 S

Haliturton ,,4Bancroft .r.a t,H , . th., to L, .1t.rgd

M4 that v, th M diloa eeri foraM Juti

AR naen 0 * C=at. ajronciid th. ,4.a that

th* '"tP tU ¢ «f IS""" "Tlsln and that it ha.
«» U-eught in tj aa*,*tlo rat.rial inj.ot.d mt, th.

drohaea' M rl... Th. »ho.lha«lc ndn.ml t.nd. to ,,«r.g.t.

in a-., alongth. contact.. Thi. th.ory of yn.u..atolytic

motion a» a reeult of igneous intrusion is more ox less

aocepted today Lut the nature of the igneous rook is still

disputed. liest geoloriete regard the igneous

pyroxAnites as the source of the jhosphatio material. 1in
hoth Nriway arxiCaneda granite is *uit* subsidiary to basic

ooks in ehe viol . vy of apatite deposits end in nearly all

¢cxt hooks in *hioh reference ie made to the deposit, thev

are dismissed casually as being connected with basic

pegmatites.
H.P.Spence vowever although making full acknowledgments

o™ ¢ 9 rei'its of these claims sueiarises In a paragraph

which might easily have been written of the f.African
deprsi te.

"The pyroxenites represent metair.orph*eed limestones
which have been Invaded, disrupted and engulfed by imnenee
batholithlc raaeece of granite to which latter rook a
gneiaeio cheraoter has been imparted by subsequent dynamic

rfovemmn +a . "
"The origin of the m'.oa-apatite-oaloite bodies is

probably , ..
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probably to be attributed to the a”“enoy of late pegnatltls
phaees of this granite and of the aAueoue eolutione
aacofcpanying theflljgggnetitee. These solutions were charged wit
phosphort 3 aoid and the apatite is therefore to be considered
of igneous origin, rather than to have been derived fra, the
original limestones. The oal cite pro! ably represents

oal 3iuir. carbonate dissolved fra. the limestones by heated
waters and redeuosited in cavities ir. the pyroxenites, while
the mica is of contact r.et.amorphic origin."

The connection of theTrarsvaal apatite with granite
pegzr.atite is far more marVed than, judging from the
description, it is in Cana*. Whilst in tne Transvaal the
igneous origin is enuorsed by the presence of monazite.

The aleence of sedirentary limestones in the vicinity removes
the possibility of the bedded massive nyetit© being

altered limestone*, but it removes also a possible source of
barite which is the couth Afrionn substitute for the Canadian
oal cite, unless the' *sfe roots like those of Canada ars
altercalcareous rock.

Although the apatite is accepted by this theory as
being directly connected with granite pe”atite it must be

th«, a a.r. aoinold.no. that In ...r, d.pc.lt of tm.
nature throughout th. ootid. f.rro» «r«an rook., .h.th.r
of aoknowl.deed Igneou. origin or the pr.iuot
ir.tarorphlon . - intU.t.1, a»oolat.d nth the .ho.iH.t..-

In .The ITaturei Hi.torjr of Igneou. Book.”. "ark.r

tt.ou...e ,»gr.tlte. full, end d.eid.e th. into Ba.1.,

He classes apatite as las,”
iriterr ediat e and ©Jid ejpes.

.in, ’in th. gaU.ro fandly th. ro.t la“rtant t,p. o
pneuitatolytlo aotion 1. that .hioh ha. 6lr.n rl.e to th.
ealuahl. apatlt. ».ln. of ,or*v af* Canada.’ He r.g.rdr

ohlorliue »-e ohi.f P«t a. .olnnte.

circulating the solution.
J.LIndgren .-

F I

Il



> Lindgren too”n hie book on "Mineral Deposit** with
reference to aeidio pesn.atitee gives boron and fluorine
as the chief mineralisers with a little phosphorus and
sulphur. Orthoo]ase, albite and quartz are alw>;s present
and usually r.iorooline and muscovite. Accessory ninernls
ore n.egnetite, tour7rialine(fluorite| oaseiterite,apatl te6
monnzite and many others. He states further that besio
pegmatites are less oomron. In these boron and fluorine
are not usually present but phosphorus and chlorine and
probably also sulphur pia; importantparis. He quotes
apatite as the chief exan.ple. "With the pegmatites of
gabbros and allied rocks should be classed the apatite anl
Boapolite veins of Norway and Canada. Though they are
allied to fissure veins in some features there is little
doubt that the., are real ly pegmatites belonging to a late
stage of magnatio consolidation.

Both of these authorities therefore agiece on the tae'o
character though Lindgren expresses 'he view that the
fluorapatite of Canala is possibly of a different type from
chlorapatjte of Norwny ae ordinarily fluorine in associated
with acid and chlorine with laeio ragr.ae.

""he gouth African apatite is a fluorohlor apatite
and presen4s therefore further oiirpll catl one.

There is one last possibility that the great bulk of
¢he parent magma was basic in character and gave rise to the
basic gneiss!a rooks in the neighbourhood. These may have
engulfed i-ae”es of schistose rocks and possibly limestones
of sedimentary origin, during the intrusion. Ir the
residual liquid of such a magma much of the acidic matter
would be left, as well as a great deal cf water and the

chief part oi' all constituents nore soluble at that

temperature in water th-n in silicate solution. "They

would include boric, carbonic, and nydaro.ulphu*rlc acids,

f]l uorldes
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Muorid... eWorld., and tor.,.. ,f M1
"ett1* N rfre ! «- th... ai. oon.titu.rt.
n,°” “r/ f°r thl Astlt. ,u3dh,, ooour.l,,

Korth.rn Ir.n.T «i. rn, ord.r of =r,.tMU..Uon
.PW ntl, orthool... folio..d 1j a graphic lot.rgro.th
of f.ld.par and iu.rtr, AN, of L ft,ctl0
ory.ttiU.aUon .a. r.aohw. Thl. would 1.a,. . u iuld
rloh in .at.r(pho.phoru., fluoric, ohlorln., .uljhur
»nd M tal. of th« rar. .arth., Th. liquid .ould L. at an
«».n *ow.r trop.r.tur. than th. nomal p.gr.titl. .olutlon,
hut .ould h. wore fluid hy th. oono.ntr.tlon in It c« ,o0
many volatile oonatituente. It would travel through
oavitieB in the alrrcat ooneoll'dated 4uaitz and feldspar rook
prohall; oonoentrating In'shrinkage oraoke and fiecuree
w1’ auld naturally te most nucieroue at the[>argine of the
pegmatite body. Its great fluidity would rake intrusion
in the finest apophyses possible so that it might penetrate
the contiguous recks to a considerable extent. In this
way irregular veins and pockets cf phosphate bearing rook
would form along the borders of pegmatite bodies which
would in addition be surrounded by a z”ne of country rook
impregnated with phosphatio litpt id. The constant
association of hornblende with apatite is not explained by
this *heory, and it seems strange that none of the great
pepr. »itite intr. sions, into other tht%l basic rooks, have been
accompanied by similar apatite veins, if the source of ?he
mineral lies wholly in the iegrati*e.

The intfusion of acid igreous rooks into limestone is
always accompanied by the formation of apatite in varying
quantities, dependent on the percentage of phosiJhorue and

fl unrine preeentln he iagra. The suggestion is therefore

put forward *het the lime of the aratite is derived fron

the
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the IllLe tearln6 Blne7mle c¢f the aaeooiated ferran”ne.i”

rook.. Th».. ray. .. v the Canadian type,. L. a.Uao”oaad
Ux .tone, but Caterer their origin the percentage of in.
they contain would b. sufficient to eculLine with the other
constituent* of the pegmatite to Torn apatite. Fueh a
theory could be applied to the iepoecite of all three continents
and would explain more eatiefaatoxil> the marginal
Uf‘ributior of the mineral and the isolation of large
bodiOw of apatite ir pyroxenite such as those a ywn on Plate
TTI.

~r9 injection would be essentially the same as that
described above, with the added factor that apatite would form
around schist Inclusions in the pegmatite.

The crye+alllamtior point cf mcnazite and apatite
throu-hout these deposits must h*ve teen simultaneous the
two mi'srals being essentially combined in solution. The
rouazite pegr.atlte can rnly be attributed to a local
segregation of rare earth eler.erte in that particular region.
The increase of this constituent caused e.onazite to
crystal lies out ”~iret and so line the cavities along whi*
thf travelled. The interior of any such fissure being
f; :h the ordinary ccsr.bired apatite ar d ronazite.

, ly there is the question of barite to be
oonei iered. Farite of igneous origin is practically unknown
and it ioeenot occur.ﬁr contact metar orp”ic ok pegmati{’et rocks.

Lirdrren classifies alcost all barite deposits as veins
of crystalline mineral fort el by aqueous solution in clmost
any kind of rock, sedimentary or igreoue. *It is often
associated with metallic sulphides, particularly galena.
quarts oa:cite and #luorite accoB.panj' it. 7ore of these

veins result from precipitation in ascending hot waters »or

barite

BBH . I



10%

iusel]' eall erft barlta ie oftan found at the mouth, ¢f .prin£.. The
»ayriT -erfttoi original source of the barium 1. oft. : not defxmined but

is believed to be dl,solved by water frau barium bearing

v ni<*ioo \.erf> rooks encountered in its path. In most oa... 0f economio

o 4trt*»uli tenoc importance it can be traced to limestone*. Probably all

J biuot "loep’t limestones contain a little and cost igneous rocks have

l4Ke ¢ tuow tne about .1,< Ba." In b the routpaneberg dietrict both the I

n tW-itUvfi-Xfflil limestones and metallic sulphides are missing. Pyrite is

-taqs 20 asXbnf foundin very srall quantities in the gneiss but no other
ITT sulphide is known. The only othex possible source of

51 PX »'t" sulphur is fra- the pegmatite in which it is a ccnror

vn /. u»frir asf rineraliser. The bnri r ay have oare from, the gneissic

rook. The possibility of itejbrigin in barium feldspai

onlffr- Jbtuot#

) . was dismissed because analysis of the associated feldspar
r rt s

4o » did not reveal any bariufc. . The source of the bwrite is
Euf)x Jon !

r »E£«'"e 1-r OW*

eft&ano

therefore unknown but the possibility of its wuerivation
froii the vast tracts of heterogeneous oountij rock is

. greater than that of origin inigneous magma whose
t' T-*».1;;9X,V- o
composition shows no traces ofecither constituent. The

1

1 »T
¢heory of igneous origin is therefore le nottenable and

JO 1: D ?» O
>a 7 the barite rust be regarded asof latex date than the apatite

aff >ifis  ~ . .. . .
crystals which it includes. The onl,, alternative explanation

) .
1 »I1r . .
(o OJIW 1 is that some other mineral has been gradually replaced by

t c,* i .
tariur sulphate.

I\
-bmyt la™c As the second explanation is the one which was

fonweor tj. i

originally held it will te considered first. The nature
if m of +he rock vaS been discussed fully end the fho ograph*
»r 1 submitted indicate very strongly that the present rook is the
r "Li i replacement of feldspar. Such a replacement would naturally
*£w bstp'le " USI ooirr ence along cleavage planes and the infilling ninsral
44 . would therefore reach a stage where it consisted of
¢ v ¢ f . . . .
intersecting plates following the crystalline structure of

til# see
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th. or,.glnll f .. .t TlgM if thi

iUU U leftl n ° toroVi‘y of th, roeV would thus »,.
oooondary .nd .ut..,u,,« to th. dl.tortion of th. inol”"w

Oi.tn. ory.tal. ty TV, Ov.,r ,nj.otion. ,, ,hl.
v.ory h,r. L.,n .xrr..,,.d tiro.dy, 1, t, ,d 6n ,h,

A M1*” A~ e»11" ory.talljn, f,,d.tar ,uoS
ms IS not known to 000ur anywh.r. in th. d,po.lt. Mid
-oondly~r.n * .r. Moll ...... of f.id.,,r .#.t,.p.tlt.
i. not known to oouour in th... .xo.pt ,ooo»l«nl” ty .ohi.t.
TM. 1. . ..riou. difficulty ..p.oim,y ... th. l.ol.twl

and idlcorphlo n«tur. of th. .p.tlt. ory.t.l. t.k,. th.lr
euh..iiu.nt inj.otlon Impelhi.. In Cuo»j. p.rf.ct ~.tlt.
ory.tal . occur hoth in I.n... of cldt. and in p~roxcnlt..
Ih. r.pl.ocr.nt of th. latter Vy harlu. .ul.hat. would
raault i.; « right angled structure and would fumieh the
ferromagnesian element at the Uir.e of the oiyetalliecation
of apatite. Pvroxenite is known to ooour in large
oryetalline r&eaee so that the objections raised in oonreoticn
with feldspar cannot 19 applied. * Othei e however present
then selves.

To reference can le found to any such alteration and
» it is purely svrriee no conclusions can be based or it.
It seers rcaroely protitle that so dark a rock aculd be
replaced by so whitr a substitute.

Further investigations will have to be made before
accepting this theory.

The apatite deposita of bandolier fop are therefore
pneuratolytlc deposits connected with granitic pegratitee
and concentrated in irregular bodies along the margins of

both the intrueire and the intruded rooks. The latter are

believed



teller*! to her. contributed the li&e elment of the »i,le,»i

They ere oloeely related, to both the Coradian and
Itorwegian depoeite but there ere nore feature* ocmr.on to
tVle ?outh African and Norwegian, particularly in the

aeeocl ation of monazite. The barite veins ar » however

m4Uite unique in character and probably also in origin.
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