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HEAVY MINERALS OF CHRTAIN QUARTZITES FROM MALAYA:
A STUDY IN DIFFERERTIATION AND CORRELATION.

by

Joseph B, Alexander
Geological Survey of Malaya.

(Published by permission of the Director
Geologleanl Survey, Federation of lalaya

ABSTRACT

This paper has a three-fold aim.

Pirstly, it demonstrates the practicability of a mechanical
method alternative to panning for the preliminery concentration,
prior to final bromoform secparation, of arenaceous materinls
carrying only very small percentages of heavy mineral reesidues.
This method utilizes the laboratory :i1lfley concentreting-table
end the Haultain superpanner, with crushed calcite atalned green
by basic cupric nitrate for visual control to ensure reasonable
reCoOVErye

Secondly, it serves to present some fresh ideas for the
computation of comparative indices and for the illuastrative
graphical representation of stetistical data, FEmpirical colour
ratios and roundness ratios ore calculated, in addition to
volume frequency ratios of tourmaline, rutile, and zircon, for
each grade size of concentrate obtained, and corresponding
coefficienta are derived {or each sample over a common range
of grade sizes.

Thirdly, it records the results obtained in conjunction
with an optical examination of the heavy minerale separated from
various quartzites occurring in certain areas of Malaya. The
diagnostic feature of the data determined Ly this preliminary
investigation indicate the possibilities of utilizing heavy
mineral characteristics, as an alternative to fossll evidence,
for the differentiation or correlation of these quartzites.

INTRODUCTIOR

A preliminary investigation hee been made into the possibilities
of differentiating, or correlating, lithologically similar quartzites
occurring in Malaya. Some of these quartzites, in certain localities,
have been found by foseil evidence to be of Triassic age. Others,
although believed to be of Carboniferous age on atructural grounds
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(Annual Report Geological Survey Malaya, 1940) by the writer, and
independently by some of hie co-workers, are still unproven because
the palaeontological approach has been coneistently unsuccessiul.

In the absence of suitable fossil evidence, therefore, no distinction
between the definitely proved Triassic beds and the other quartzites
has hitherto been possibles. The present thesis was developed in order
to see whether or not the optical examination of thelr hesvy mineral
residues would yield any diegnostic information.

In greater detail it may be stated briefly that the primary
objects of this inveastigation were to find out whether or not:
(1) any significant features are consistently displayed by
the heavy minerals contents of,
ia; the Triassic fossiliferous guartzites;
b) the quartzites of unknown age;

(2) any characteristics so displayed would be sufficiently
striking to enable the various quartzite series to be
differentiated from, or correlated with, each other,
and e0 serve as a reliable age guide.

FIELD " ORK

GFTERAL HAPPING.

Detailed routine field mapping was carried out cast of the
Hain Range of Maleya, in the southwestern portion of the State of
rahang covered by topographic quadrangle sheets 3 B/8 end 3 B/12,
This area is bounded by lines of latitude 3° 15' and 3° 45' north,
and between lines of longitude 1019 45 and 102° 00' east. It was
geologically surveyed by the writer during 1939-41, this work being
interrupted by the Japanese occupation when moat of the recordes were
lost, but wae resumed in 1946-47, and was completed in 1948-49,
Progress reports on the area (Alexander, 1940, 1947-49) have been
published in the Annual Keporte of the Geological Survey of lMalaya,
and a complete account of the Bentong neighbourhood is now in the
process of final preparation by the writer. The gquadrangle lying
immediately to the north, covering the neighbourhood of Raub, has
bean described in a separate memoir (Richardson, 1939), while
yet another memoir is being prepared by He. Service on the Lipls
neighbourhood, which lies to the northeast. The relative positions
and general geology surrounding all these localitiee are indicated
on figure 1, which represents & portion of the 1945 Geological MNap
of Hlalaya.

GEOLOGICAL SETTING.

Eastern foothilla, flanking the Maln Range granite bLackbone of
Malaya, trend north-northwest to south-southeast and are composed of
a series of variably metamorphosed sediments predominantly arenaceoua
in character, but with argillaceous bands and lenticular rudaceous
developments. These rocks comprise a great veriety of pebbly types,
aquartzite-conglomerates, grits, quartzites, sandstones, sandy
phyllites, sandy shales, sohia{a, and some intercalated cherts,

They have been referred to in previous publicatione (Richardson,
1946) as the "Arenaceous Formation of the Main Range foothills”
more simply as the "Foothills Formstion"”, but the writer prefers
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INDEX PLAN SHOWING LOCALITIES FROM WHICH QUARTZITES SAMPLES WERE COLLECTED.
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the term "Lower" or "Older Arenaceous Series". These ape belleved,
on structural grounds alone, to be thie oldest rocks occurring in the
arca and of Carboniferous age.

Abruptly to the east of the foothills lies a broad bordering
lowland belt of calcareo-argillaceous sediments referrcd to as the
"Calcareous Formation" or, more rccently, as the "Calcoreous Series".
These comprige phyllites, shales, calcarcous mudstones, and limestones
and are considered, on account of evidence in the Haub area and
elaewhere along the general strike, to be of late Carboniferous or
Permian age. In turn these strata are succeeded still further to the
eagt by an infolded series of mixed argillaceous and arenaceous rocks
lithologically similar to those exposed in the foothills. In the
Euala Lipis srea these rocks are known to be of Triassic age on
palaeontological evidence, but their occurrence is separated from
other arenaceous strata found in the Bentong aree wheré no fossile
have been discovered. Pending further evidence, therefore, the
latter have been referred to provieionally as the “Upper® or
"Younger Arenaceous Series" of the Dentong srene

Contemporaneous pyroclastic rocks and laves of the Pahang
Volcanic Series (Villbourn, 1917), principally rhyolite tuifs, are
abundantly interstratified in the later part of the Carboniferous—
Permien sequence and in the Triaseic rocks, also in the "Upper"
arenaceous series, but are a comparative rerity within the "Lower"
arenaceous sequence. The close of the Triassic or ensuing Rhaetic
period appeara to mark the cessation of sedimentation and the
commencement of a prolonged phase of terrestial conditions.

Although the Arenaceous Formation of the Main Range foothills
has hitherto been mapped as of Triasssic age, it had only been left
as such on account of the sbesence of pslaeontological evidence to
prove it otherwise. No fossils have been {ound anywhere in these
rocks and consequently its age ie not knoen. This had only been
inferred previously on lithological grounds because both the
foothills end the Triassic beds are predominantly arenaceous.

STRUCTURAL RELATIONS.

gtructurally, with a general strike parallel to the Main Renge
granite, the foothills strata display dips which are very variable,
and although they may locally be steeply west or vertical over &
considerable vwidth of outcrop, they are more commonly found inclined
steeply towerds the east with an average dip of 700-LQ9, Along
ites eactern marpgin, therefore, this "Lower"™ sarensceous series thus
dips below the calcareo-argillaceous sequence of late Carboniferous
or Permien aged rocks lying to the east. This fact has been
commented upon by early workers (Scrivenor, 1911, 1931), but es
these arenaceous rocks hed been ascribed elsewhere to the Triassic
on lithological grounds, so0 it hae hitherto been assumed, as a
natural cordllary, that the normal stretified succession has been
inverted along the eastern flenk of the Main kaenge. There is
little evidence to substantiate thie assumption. In fact the
careful study of the minor flexurcs, folds, and contortions, locally
acute, often isoclinal, and commonly steceply inclined eastwerds, has
tended to the conclusion that the succession is not otherwise than
normal, although it is possible that a degree of unconformity or
disconformity may exist between the two series.
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TOPO SAMPLE TYPE OF DESCRIPTIVE
FPORMATTON DISTRICT 7 LOCALITY NUMBER SANPLE HEMARKS
2 0/13 | X.lipils-Benta road, 03 selected fosgiliferous,
near milestore 3. typicals medium-grain,
light iron-stain.
2 0/13 | r.Lipis-Benta road, 19 local fossiliferocus,
IRIASSTE tipis. near milestone 3-1/2. average; madd
light iron-stain.
3 0/1 | penta-vuantan road, 21 local fossiliferous,
near milestone 33-1/2. average} »
light iron-stain.
38/ 8 | pukit Bajang. 27 local
averagej light iron-stain.
WUIFPERM Bartong. 3 B/ ¢ I‘k“m PRESat BIWKETS: 29 ]':ﬁlg!’ ndi,lm:
10/ % | mudt Kaling. 31 local medium-grain,
averags; CRrboNRCeOus.
i/ bk Sum;ei Lipis, local medium-grain,
redr Batu Malim, average; light iron-stain.
| "LowgR faaub. 3B/ b | Suagel Maa Fanate. o 1&31-“9; Wmﬁ% N
3 8/ 8 | North of Bukit Jjinjong. 13 areal medium-grain 7
composite; | light iron-stain.
i 18/ B | south of Rulkdt Jinjong. 15 areal nedium-grain,
compesite; | light iron-stain.
3 n/ 8| Bukit Raka, 3L local gritty,
average; 1ight iron-stain.
WLOWER™ Bantong .
3n/ 8| Bukit Raka. 35 local madiun-grain,
average; 1light iron-stain,
3 1/12 | Rentong-Karak road, L2 selected grituy
near milestone 72. typical; light L'on-uuha.
]
TABLE
COMPFLETE VECHANICAL ANALYSIS OF SAMPLES
B30 AT AR MRS A ) STHII TR AL 3 SRR SRR
SAMPLE 4 35 + L% + 60 + 80 4120 +170 4230 =230 TOTAL
NUMBER mash me sh meash magh mesh mash mesh mesh 4
03 31.2 1L.9 12.6 10.9 12.9 E.6 L.B 6.9 99.8
19 a.h 10.9 11.5 11, 17.8 217 21.8 11.5 100.1
21 17.9 LY 8.8 7.9 13.1 8.0 16.3 16.L 99.7
Avarage 1705’ | lggh 11.0 10.1 1-!4.6 Bch 1’4-3 1106 99'9
27 5.0 | 23.6 | 20.2 | 12,0 | 1l.2 Lo be? | 18.2 | 100.0
29 2?09 20.1! 11.1 8.2 9-3 l&o? 8.5 10.0 lmol
1 2.6 19.h 12.h 7.6 8.7 L9 5.2 172 100.0
pooe ‘ .
Average 19.5 | 211 1li.6 9,3 9.7 k.7 6.0 15.1 100.0
Ll 9.0 10.3 i, o O M 1 18,2 10,9 16.1 'a.g 99.9
& 2.0 | 1.8 | 15.0 \ 16 | 363 | Tedk | uusa | 0.7
13 he? 1h.9 179 16.0 17.3 9.2 7.8 11.8 99.
Average 2,3 12.2 1647 Useks 17.3 9.8 13.0 1.1 99.8 |
[ 1% 6.9 | 1%.6 | 16.% 7] .3 | 16k 58 [ "1 g 100.3
Ik 0.3 6.3 17.9 19.1 22.7 11.3 12.0 0.6 9%,
ﬁg 172 iy B 15.6 2.4 1he3 Ted 5.7 10.6 10042
1.8 1347 18,2 1ls2 1h.9 9.6 17.5 10.1 100.0
Average 5.8 12,8 17.3 1h.7 16.6 9.2 12.8 11.3 100,0
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SEDIMENTOLOGICAL SAMPLING. )

The various types of samples collected for this study all reveal
the average characteristics of the selected occurrences. It was
neither desired nor possible to deal with a single sedimentation
unit, defined (Otto, 1938) as that thickness of sediment which
was deposited under essentlially constant physical conditions.
Insufficient exposures were available to trace such a unit in the
first place, but even had thia been possible 1t would not have
served to test, setisfactorily, the genersl heavy mineral
distribution of the series, end so provide data on the average
load deposited under varying conditions et any one point over a
wide renge of time,

Localities selected for sampling were chosen where intrusive
veins of igneous material were absent and, as far as poasible,
badly limonitized material was avolded. Unfortunately the severe
weathering of' the quartzites in these tropical regione has resulted
in severe iron-staining, The sandy rocks formed from the wnweathered
greyish quartzites are sometimes bleached to a light buff colour,
but are commonly rusty parplish-brown or deep reddish-purple with
iron oxides. The more lightly stained softened material, which was
used wherever possible, was found to be most euitable from the view
of successful disaggregation with the least possible damage to
heavy mineral constituents. IEven the hard, tough, relatively
unweathered gquartzite, however, could be treated with reasonsble
BUCCERB.

Vhere poselble in any one locality a channel sample was token
through the greatest thickness of etrata exposed, in no case
more than-10 feet, and has been termed a "local average" cample.
vhen this was not possible, #as with many cases of inadequate
exposures, fragments of moderate size were taken from a minimom of
four different portions of the same exposure to form a "selected
typical samples A mixed group of such samples of the latter type,
colleccted during the course of routine mapping over a large area of
the same formation series, provided a compound sample designated as
“ayeal composite“, All theee varieties of samples are in contrast
to those of the successive hand-gpecimen type used for certain
statistical methods (Smithson, 1939).

Particulare of the samples collected from the different arcas
mentioned are given in table 1 and their relative positions are
shown in figuve 2, Originally 37 samples of fine-, medium-, and
course~grained quertzites had been accumilated, but in view of the
preliminary nature of the investigation and the time involved in
crushing and separation, only 13 of the medium-grained quartzites
were Tinally selected for detalled examinations. One of the selected
gquartzites was used for pilot teste when working out the separation
proeena.twhile the remaining 12 were chosen in batchee of three to
represent ;-

(a) those foessiliferous locelitics in the Triassic quartzite

sequence of the Kunala Lipis area (samples numbered 03, 19, 21);
(b) those nom~fossiliferous localities in the “Upper" guartzite

series of the Dentong arca believed on structural grounds to

bg aggrelﬁgzve with the Triassic quartzites (samples numbered

27y s 31)3
(¢) those non-fossiliferous localities in the “Lower" (foothills)

quartzite series of the Raub area, believed on structural

grounds to be of a different age, poeeibly as old as Middle

or Lower Carboniferous (eamples numbered LL, 51, 13);
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(d) those non-fossiliferous localities in the “Lower" (foothills)
quartzite series of the Bentong serea, known to oceur along the
same strike and to be the ssme formation as the Reub quartzites
(semples numbered 15, 34, 35, L2).

poseible sampling errors wiich may have occurred fall into
two categories, those due to the size of the semple, and those due
to local variations in the formation. In determining the size of
the samples for the coaerser-grained grittiy materials with pebbles,
the empirical rule (lentworth, 1926) wes adopted which required that
a sample be lsrge enough to include several fregnents of the lergest
siges present., From probsbility considerations the number of such
fragmente should be at least four in number. Uo difficulty wes
experienced with the medium- and finer-grained quartzites, and
nominal smounts, averaging 2 to 4 kilograms (5 to 9 pounds) weight,
were usually obtained.

It 18 not poseible to entirely eliminate errors due to
varietione in the deposit. These are much more difficult of
correction, but were reduced se far as practicable with loeal
varietions by teking samples of the types described. A minimum
of four discrete samples combined into a single composite from
each locality is probably the most satiefactory type. Only by
inveetigating a sufficiently lerge mumber of such samplee gathered
from widely scattered portions of the seme formation, however,
will it be reasonsbly safe to assume the validity of any conelstent
resulte obtained,

LABORATORY TECHNIQUE

Krumbeln and Pettijohn (1938) stress the primary importance
of not employing, without an evaluation of the errore introduced,
any methods which alter or destroy any of the data to be obtained
in subseguent snalysie. Since the preparation of the gamples
involves distinct steps of diseggregation, sizing, concentration,
and mounting, appropriste precautions must be taken et each atage.
The process sequence finally adopted ie shown in the operations
flowsheet denicted by figure 3.

DISAQGREGATION AND SIZING.

gince the quertzitic materials sempled have a fairly high
degree of induration compsred with sendstones which are usually
more loosely consolidated, o has the likelihood increesed that some
of their characteristice may be modified by any disaggregation
process. such coherent materisl is unaffected by weak acid, which
is anly useful in this case for removing iron-steins and clarifying
the grains prior to opticel examination. The choice of partially
weathered material for sampling has tended to reduce this effect to
a practical minimum, but it wes realized that, as & conesequence,
only the ultra-stasble allogenic heavy minerals could then de relicd
upon for dlegnostic purposes. Authigenic hesvy minersls such as
iimonite, leucoxene, and po2sibly snatase, might be present in
disproportionate amounts in such material, but the statistieal
comparision of mineral freguency counts is not coneidered to have
been seriously affected for allogenic minerals euch as tourmsline,



FIGURE 3.
OPERATIONAL FLOWSHEET FOR SEPARATION OF HEAVY MINERALS
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rutile, and zircon, on which the conclusions ultimately derived
have been based.

A small pilece was cut from one of the I'ragments from each sample
and reserved for preparation of thin sections. Disaggregation of the
remaining portion of each sample in turn wae then effected by its
paasage through a jaw-crusher set to i inch opening, followed by
a Braun pulverizer set to 1 millimetre. The precaution observed at
this stage was the utilization of a pulveriszer working by cracking
rather than a grinder by rubbing., Twenhofel and Tyler (1941)
recommend that particle sizes be reduced so that they will pasi
openings of 0.5 millimetre, and work on the pilot sample indicated
that the heavy mineral constituents did not usually occur in slzes
greater than this amount, so that the larger setting for the
pulverizer opening was considered reasonably safe in reducing the
posaible breakage of heavy mineral grains to a minimum, whilst
effectually breaking up the quartzite with the greatest consistent
efficiency. The ususl precautions of cleaning were obeserved in
order to reduce posasible "salting” to a minimum.

After splitting off a check sample of about 100 grams by mesns
of a modified Jones~type splitter (Otto, 1937), the crushed product
was passed through a series of dry sieves (18, 45, & 120 American
Stendard Tyler Mesh), oversisze being returned to the pulveriszer,

The main size fractions were subjected to routine teste for radio-
activity with a supersensitive Geiger counter, and then weighed

prior to concentration procedure. The check samples were mechanically
analysed for size by means of a nested-sieve shaking-machine operated,
with each sample, for a nominal period of ten minutes. Standard
sleves 35, 45, 60, 80, 120, 170, & 230-mesh (A.S.T.M.), were used,

and the results obtained are given in table 2.

PEELININARY CONCENTRATION.

Ag slready stated the auxiliary purpose of thies thesis was,
in addition to an investigation of the quartzites concermed, also an
experimentation on alternative methods for heavy mineral separation.
{amitheon, 1930; Ewing, 1931). The quertzites exemined carry less tha
0.1 percent of heavy minerals, so that direct bromoform separation
in order to yield a sufficient quantity for satisfactory optical
examination would be both laborious and expensive, Some form of
preliminary concentration is desirable before a final bromoform
separation. Such a process was succeessfully worked out, instead of
panning, by utilizing the laboratory Vilfley concentrating-table
and the Haultain superpenner. Neasonaeble relative recoveries of the
order of 60-70 percent were secured, and since all the cemples were
treated in exactly the same manner the results obtained can Le safely
used for comparative purpozes.

In effecting this preliminary concentration the pilot sample was
used in order to determine, for each main size fraction, the best
setting of the laboratory Vilfley tcble as regerds rate of feed,
ti1t, speed of oscillation, wash-water supply, and tallinge cut-off,
Then these had been determined patisfactorily the samples were treated
in successive batches sccording to size fractions, each seample then
requiring only the minimom of individual attention and occasional
ad Justment in order to meintain the best recovery. It was found thet
the separation for the under 120-mesh was fairly clean, was quite
good for the over 120-mesh, but only fair in the cane of the



CONCENTRATION STATISTICS -~

TABLE

MAIN SAMPLES -~

WILFLEY TABLE SEPARATION

i 400 0
S 3 e m b s a3 15 W 3% 2 |«
% 618  7h7 uk; zﬁsg 2285 794 782 752 692 1223 1563 755 | 1220
Y1 1292 202l 2235 1433 1566 221 1943 | 1665
, 5 % 23 337 24k 393 e 336 230 265 120 Jog 6Ll | 291
IOTAL | 36l0 2021 2112 2897 L2k 3970 3167 3363 2105 2523 376L 383U 3l | 376
LS mesh| 59.6 zg,v_ 18,0 20. 16.2 0.2 2.4 LBe9 6.1 63.2 15.5 2.3 | 22.8
. 12,6 12.7 29.0 17.h 6.1 12, 11.1 12.7 k2.2 77.1 17.2 | 21.8
L 0 2 27 6,8 6,2 7.3 9.9 1.5 225 L9 L9 Ll 7.0 | T3
b 36 Fh .5 556 10.9 16.2 16.3 B0.5 2371073 937 26.6 | 5L.9
h| .08 2.96 1.5 0.83 0.71 0.03 0.31 6.24 0.86 5.17 0.99 0.0 | 2. 06
A : 0. 1, 1. 0. s 0. 0.8 1.7h 3.93 0,89 | 1.2
| m %:33 2.02 z.g 1.35 Sk on 0% T TR 0 a0 3%
T 1.7 1.30 1.1 1.03 0,51 0.49 3.33 0.94 2.85 2.45 o0.80 | 1.64
:1 12031 1h1:1 23970 3 1651 11351 19:1 101:1 328:1 | L9:1
-1 $3:1  Thsl 332:1 1 .1 12951 123:1 57:1 25:1 113:1 | 79:1
711 sml 5031 3911 Slsl 35:1 231s1 10:1 Shsl 63:1 26051 91:l | 3651
Sﬁﬂ 6211 5631 7711 76:1 97:1 195:1 206:1 30:1 10Lsl 35:1 Llsl 126s1 | 6111
TABLE .
ACTUAL WEIOGHTS OF FINAL HEAVY MINERAL CONCENTRATES - MAIN SAMPLES
w60 | 4080 | 4320 | a0 | a2 | =230 | MoTAL | % OF INT: | RATIO
mesh mesh mash mesh mash grams | TABLE 0S: GONC:
1.&51& 1.0516 | 0,7173 | 0.2930 .58 8, 18:1
0,1126 | 0. O.Sgll ;.09 3.& :1
0.110) 0.1017 0- 000138 00 5937 1 059 3 ll
0.1809 | 0.1018 | 0.0271 B0 1311
o.u’iss 0.08L2 | O 0.0173 g 0 < Bon
000930 0. 0.0227 009&88 24 32 ha 11
s e | e o Lm0
. . 0 . N o
0.1110 OC]-& 001326 0.0%5 0. 97 0071 lﬁzl
OQ 00087 0-0908 000522 0-1&525 1091 52 1l
o.ggﬂ 0.1118 | 0,408 | 0,0550 | 1.0897 1.02 98:1
-0,3820 | 0.3389 | 0.2 0.0609 | 2.4312 2. 60 ﬁm
0.2807 | 0.1898 | 0.1450 | 0.0868 | 1.36852 2.555 3911




FINAL MAIN CONCENTRATES EXPRESSED AS PERCENTAGES OF SIZE FRACTIONS

SAMPLE

TABLE .

+ LS + 60 + 80 +120 +170 +230 -230 | OVERALL
NUMBER mesh mash mesh mesh mesh mesh mesh %

03 0.052 | 0.246 | 0,092 | 0.310 | 0,518 | 0.417 | 0.116 | 0.162
19 0 '221& 0.017 00026 0. 028 0 0%3 Oomll 0. 035 0005]1
21 0,(;21 9.057 0.038 0.038 0.063 0.018 0.006 0,028
27 0.017 | 0.268 | 0.2,2 | 0.198 | 0.130 | 0,095 | 0.005 0.101
29 0.004 o.oeg 0.037 | 0.032 | 0,0k 0.02 | 0.010 0,016
71 | 0.007 | 0.0k 0,066 | 0,058 | 0.0l1 | 0.039 | 0.006 0,024
Lk 0.003 o.oog 0.007 | 0.011 | 0.018 0.012 0.011 0,009
sl 0.000 0.00 0.004 0,012 0,005 0,007 0.000 0.005
13 | 0.005 | 0.017 | 0.013 | 0.029 | 0,05k | 0.077 | 0.017 | ©0.02L
15 0.005 | 0,018 | o.01y | 0,018 | 0.034 | 0.036 | 0.015 0,018
3l 0.021 0,034 | 0,026 | 0,031 | 0.035 | 0.033 | 0.016 0.029
ﬁg 0.032 0.083 | 0.097 0,07C | 0.127 0.123 0.01k 0.063
0.006 0.017 0,035 0,034 0,026 0.011 0,010 0,019

Average | 0,0305 | 0.0570 | 0.0536 | 0.0668 | 0,0875 | 0.0697 0.0201 | 0.0L425

TABLE
FINAL MAIN CONCENTRATES EXPRESSED AS PERCENTAGES OF MAIN SAMPLES

Las B SR et e e L

SAMPLE + U5 + 60 + B0 +120 4170 +230 -230 TOTAL
NUMBER mesh mesh mesh mesh mesh mesh mesh 4

03 0.02 | 0,031 | 0.000 | 0.040 | 0.029 | 0.020 | 0.008 0.162
19 0.032 0,002 0,003 0.005 | 0.005 0.003 0.00L 0.054
21 0.006 0,005 | 0.003 0.005 0.005 0.003 0,001 0.028
27 0,005 | 0,034 0.029 0,022 0.006 0,004 0.001 0.101
29 0.002 0,003 0.003 0.003 0,002 0.002 0,001 0,016
31 0,003 0.006 0,005 | 0,005 | 0.002 0.002 0.001 0.02l
Ll 0.0005 | 0,0005 | 0.001 0.002 0.002 0,002 0.001 0.009
g1 0.0000 | 0,001 0.0005 | 0.002 0,0005 | 0.001 0.0000 0.005
13 0,001 0.003 0.002 0,005 0,005 | 0,006 0.002 0.02L
15 0.001 0.003 0.002 0,003 0.003 0.004 | 0.002 0.018
3 0.0015 | 0.006 0,005 0.007 0,00l 0,004 0,0015 0.029
35 0.011 0.013 0,012 0.010 | 0.009 0,007 0.0015 0,063
L2 0,001 0,003 0.0048 | 0.008 0.0025 | 0,002 0.001 0.019

Average | 0.0068 | 0,0085 | 0,0061 | 0,0088 | 0,0058 | 0,00L6 | 0.0019 0.0425

YAIN | 0,0068 0.023L [ 0.0123 0.0L25
CHECK 0.,0111 0.0323 5.0177 0.0611

RECOVERY | 60.8 ¢ 72.5 % 69.6 ¢ 69,5 %




(N

over L5-mesh. Only one retreatment of the middlings products was
therefore sufficient in the case of under 120-mesh material, but
it wae considered that two retrestments were required in the case
- of each of the other two size fractions.

The table-concentration statistics are shown in table 3, firom
which it may be observed that the average concentration ratio was of
the order of 50:1 for over 45-mesh meterial, 80:1 for over 120-mesh,
and 36:1 for under {120-meosh, with an average overall ratio of 60:1.
Thie wae increased 2 to 3 timee, to the order of 100-200:1, by
subsequent cleaning up the rough teble-concentrate on the Haultain
superpenner, thus considerably reducing the bulk of material for
bromoform separation,

The size fractions for each sample were given an acid digest
for two hours with 1:4 HC1l in order to remove iron-staining ss far
as possible, washed, re-grouped, and then re-sized by wet sleving to
grade sizes +45, +60, +80, +120, +170, +230, and =230 mesh (AsS.TelMs)s
Fach of these eizes was then separately treated on the superpanner,

a novel method being used for visual control to ensure good recovery
and no undue lose of heavy minerals. This was effected by adding

a small quantity of the same grade size of crushed calcite which had
been stained green with basic cupric nitrate. Such material wes
prepared by crushing a quantity of calcite to under LO-mesh, placing
in & glases beaker, covering with a molar solution of cupric nitrate,
boiling for five minutes, and fixing with cold concentrated ammonia
for five minmutes, This process yielded material with a bright
emerald-green colour, a pinch of the sppropriate grade size of which,
added to the material being concentrated, was strikingly vieible.

Separate tests performed on sized mixtures of 45 pereent white
crushed quartsz (specific gravity 2.65), 10 percent green stained
calcite, and 45 percent 1ish lepidolite (specific gravity varying
2.8 - 2,9), indicated that it was possible to effect a successful
separation of quartz from the lepidolite, representing about 0.2
difference in specific gravity. In these experiments the purplish
lepidolite formed a definite head end the white quartz a bedraggled
tail, with the green-stained calcite in between. On the other hand,
with a mixture composed of white quartz (ep. gre 2.65), green-stained
calcite, and red polyhalite (&pe e 2.77 = 2.78), both the quartz
and the polyhalite form a tall to the stained calcite. Gince pure
caleite has a specific gravity of 2.71 -~ 2.72, and basie cuprie
nitrate is 3.43, it would thus sppesr that the stained calcite (in
emall sizes) has a specific gravity of 2.8 spproximately. Probably
this would very slightly with grade size, due to the different ratios
of surface area to volume, but there is no doubt that it can be used
succesafully as a means of visual control to ensure that most of the
quartz is removed from a rough concentrate, and that heavy minerals
having a specific gravity greater than 2.8 are retained. Actually,
in order to be om the safe side, no attempt was made to remove all
the guartz and a concentration ratio of only 2, 3, or 4:1 wes
effected, leaving a remaining concentration by bromoform separation
of the order of 10:1. -

As with the Wilfley table, the fractions of the pilot eample
were used for determining the best adjustment on the superpanner
before successively treating each sample. It was noticeable that
gizes sbove L45-mesh did not separate so well as those less than 120
mesh, Each fraction obtained wes subsequently separately given a
gecond acid treatment in an endeavour to remove as much as possible



TABLE .
ACTUAL WEIGHTS OF DIRECT BROMOFORM CONCENTRATES - CHECK SAMPLES

SAMPLE +35 + LS + 60 + 80 +120 470 4230 -230 TOTAL
NUMBER mesh me sh mesh mesh mesh mesh mesh mesh grams
03 0.0556 | 0,0211 | 0.0232 | 0.0LOO | 0.0765 | 0.0798 | 0.0393 0.0070 | 0.3L25
19 0.0015 | 0.0007 | 0.0015 | 0.0013 | 0.0032 | ©.0009 | 0.0C08 | 0.0007 0.0106

21l 0.002 0.000L | 0.0016 | 0.0029 | 0.0037 0.0006 | 0,0005 | 0.000L 0,0129

27 0.0052 | 0.0094 | 0.0306 | 0.0LS1 0.0462 | 0.,0156 | 0,0076 | 0.,0005 0.16L2
| V98 0.0087 | 0.00L6 | 0.008L | 0.0042 | 0.0050 | ©.0030 | 0.0020 | 0.0019 0.0378
| =y 0.00LE | 0.003L | 0.0092 | 0,0073 | 0.0075 | 0.0033 | 0.0019 | 0.0011 0.0382

| Lk 0.0005 | 0.0018 | 0.0028 0.001Y 0.00'7; 0.0043 | 0.0022 | 0,0013 0.0220
| 51 0.0000 | 0.0004 | 0,0013 | 0.0012 | 0,003 0,002 | 0.0031 | 0.0005 0.0127
13 0.0007 | O. 0.0006 | 0,0029 | 0.0038 | 0,0039 | 0.0028 0.0008 0.0172

15 0,0004 | 0.0002 | Q.,0022 | 0,0029 0.0046 | 0,0017 | 0.005L | 0.0005 0.0176

34 0.0013 | 0.0011 | 0.0031 | 0.0060 | 0.0097 0.0073 | 0.0073 | 0.0017 0.0375

ﬁg 0,0062 | 0.0077 | 0.0107 | 0.0109 | 0.00L7 0.0053 | 0.0022 | 0.0032 0.0509
0.0018 | 0.00L1 | 0.0030 | 0.0072 | ©.0070 0.00L1 | 0.,0016 | 0.0017 0.0305

Average | 0.0068 | 0.0043 | 0.0076 0.0106 | 0,011 | 0.0102 | C.0059 | 0.0016 0.0611

TABLE .
DIRECT BROMOFORM CONCENTRATES EXPRESSED AS PERCENTAGES OF CHECK SAMPLES

3t WWW 3ei3e eag S e ue SCICHCRE RS n b S SLAL AL S0 S SO S S M S S AR FRHEEEEEEN
Ghore | + | o4 | 460 | +80 | 420 | 410 | 4230 | -2%0 TOTAL
NUMBER mesh mesh mesh mesh mesh mesh mesh mesh %
i
03 0.056 0.021 0.023 0.0L0 0.077 0.080 0.039 0,007 | 0.343
19 0,0015 | 0.001 0,0015 | 0.001 0,003 | 0.001 0.001 0.001 0.011
21 0.003 | 0.0005 | 0.0015 | 0,003 0.0035 | 0,0005 | 0.0005 | 0.0005 | 0.013
27 0.005 | 0.009 | 0.031 | 0.0k9 | 0.046 | 0.016 | 0.0075 | 0.0005 | 0.16L
| 31 0.005 0.003 0.009 0.007 0.008 0,003 | 0.002 0.001 | 0,038
B L 0.0005 | 0.002 | 0.003 | 0.0015.| 0.008 | 0.00h | 0.002 | 0.00L | 0.022
\ ol 0.0000 | 0.0005 | 0.001 | 0.001 | 0.00 | 0.,0025 | 0.003 | 0.0005 | 0.013
13 0.0005 | 0.0005 | 0,0015 | 0.003 | 0.004 | 0.004 | 0.003 0,001 | 0.017
15 0.0005 | 0.0005 | 0.002 | 0.003 | 0.00L5 | 0.0015 | 0.005 | 0.0005 | 0,018
3l 0.00l% | 0.001 | 0.003 | 0.006 | 0.0010 | 0.007 | 0.007 | 0.002 | 0.038
35 0.006 0,008 0.011 | 0.011 | 0.005 | 0.005 0.002 0,003 | 0.051
L2 0.002 0.004 | 0,003 0.007 0.007 0,004 0,002 0,002 0.031
0.0068 | 0.0043 | 0.0076 | 0.0106 | 0.0Ll1 | 0.0102 | 0.0059 | 0,006 0.0611
Average
0.0111 0.0323 0.0177 0.0611




0 U7 | 190 | 6.5 K} :
g 20.6 18.5 11.7 18.5 17.1 | 11d 2.3 99,8
Average | 3L.5 | 13.6 | 1.9 | 17.2 | 151 | 97 | LS 99.9
. iy 5.5 | 33.9 | 28. 21.h 6.2 Y 0.9 100.1
29 - 12, 33.6 19.7 20.3 12.3 9-3 2, 100.0
1 11 2L.5 23 20,5 9.8 8.0 | 2 100,0
hvorage | 9.8 | 27,0 | 2w0 | 207 | 95 | T | 1.9 | 1000
Lk 5.2 6.l 12.0 25.0 21.2 20,2 10.0 100.0
51 2.2 13.2 11.2 37.1 10.8 19.7 5.7 100.1
13 Se 13.7 Tk 19.5 20.7 23.3 9.9 99.9
Average Lol 11.1 10.1 27.2 17.6 .1 B,s 100.0
1 L6 - 10. 19.6 | 19.3 20,1 | 11.5 100.0
JE 5.0 %?.% 16.5 2.3 13.0 12.9 6.0 100.1
ﬂg 17.6 20.9 18.5 15.7 13.9 10.9 2.5 100.0
L7 16.0 23.9 27.7 12.7 3.7 1.3 100.0

TABLE .

COMPLETE MECHANICAL ANALYSIS OF CHECK CONCENTRATES

A1 R R RN R R R R3O R EHHE S R TR e I U I S S-S
SAMPLE + 35 + L5 + 60 + BO 4120 4170 | 4230 -230 TOTAL
NUMBER mesh mesh mesh mesh mesh mesh me sth mesh 4
03 1642 642 6.0 1.7 22.3 23.3 11.5 2.1 100.1
19 lh.o 603 llloo. 12-6 3001 -h 7-7 700 100'1
21 21.6 2.9 12.3 22,8 28.7 LeT L.l 2.9 100.0
Average 1703 5-1 11,0 15.7 27.0 12.) 7.8 hoo 100.0
27 3.2 5.8 18.6 29.9 28.2 9.5 L6 0.3 100.1
29 23.0 12.3 22.2 11.1 13.3 749 Se3 49 100.0
31 13.7 8.8 2k.1 19.2 19.6 8.6 C.l 2.9 100,0
Average 12.6 9.0 21.6 20.1 20.4 8.7 5.0 2.7 100.1
Lh | Zak 8.1 12.8 6.4 3.8 19. 10.1 6.1 100.0
51 - 2-9 l0.0 9-h 30.0 180 21} 7 h‘l 99'9
13 309 hlB 9'1 16.9 22.1 22.5 16.!* hoa 100-0
Average 9l G.l 10.6 10,9 29.0 20,2 1731 5.0 100.0
15 2.1 1.5 12.3 16.6 26.0 9.8 28.9 3.0 100.0
3L 3.6 3.0 8.2 16.0 25.7 19.6 19.} L6 100.1
35 12,2 15,2 21,0 913 9.3 10.4 Le3 643 100.0
L2 59 13.5 9.8 23.6 22.9 13.5 5e2 S«b 100.0
Average 5.3 8.0 12.2 19,6 22.1 12.8 15.3 L7 100.0




| (8)
Dﬁl aﬂa iron-staining present, together with any fragments of stained
cale ™

SEPARATION OF HEAVY MINERALSe

The main concentrates resulting after the above treatment were
individually washed, dried, and subjected to bromoform separation
using separating funnele and beskers., The heavy nmineral separates
were not collected on filter paper, but run direct from the separating
funnele into the beakers and washed twice by decantation. The dried
residues were then weighed, psssed through an Otto microeplit (Otto,
1933), and a sufficient quantity of each size fraction of each sample
concentrate obtained for meking individual mounts in Arochlor LLGS
(refractive index 1.66) (EKeller, 1934).

The size fractions resulting from the mechanical enalysie of
the check semples were also esch digested in acid before carrying out
bromoform separation in a similar mamner, The drled check separates
thus obtained were then found, unfortunately, to be insufficient in
quantity to allow for reliably statistical opticel examlnation.

The actual weipght of final heavy mineral concentrates obtained
from the main samples are given in table 4, while these smounts
expressed as percentages of the size fractions treated on the e
concentrating tables, and as percentages of the correspond main 4
semples, have been calculated and are shown respectively in tables
5 and 6, In the case of the direct bromoform concentrates obtained
from the check samples, the actual weights are given in table 7, and
the amounts expreseed as percentages of the corresponding check
gsamples, in table 8., The average overall percentage recoveries were
determined by computing the ratio of the average weights of material
recovered in the main concentration to those obtained in the
corresponding sizes of the check concentrates, and are indicated
in table 6, The mechanical size analyses of the concentrates,
calonlated from the weights obtained, are shown in table 9 for the
main concentrates, and in table 10 for the check concentrates.

OPTICAL EXAMINAT IOH.

In order to aid identification the slide mounts were marked
individually, not only by diamond-point pencil to show number of
pample and Tyler mesh grade size, but also by colouring the slide
edges with paint. The long sides were so coloured red for samples
03, 19, 213 white for samples 27, 29, 31; yellow for seamples L),
54; green for samples 13, 15; and blue for samples 34, 35, L2
The short top edges were likewise coloured:

red for « Tyler mesh (= + L5 AceSeTelle = 40351 mm)3
orange for ¢ " " (= + 60 * = +0,250 mm);
yellow for «+ 80 ° " (= + 80 . = +0e175 mm) 3
white for +145 © . = +120 . = 40,125 mm) 3
green for +170 " * (= +170 - = 40,088 mm);
blue for +250 " * (= +230 - = 40,062 nm);
black for =250 » " = =230 " = «0,062 mm)e

The optical examination wes carried out by moving each mount
in turn ascross the field of wvision and counting all the graing seen
in this tative band of the slide. Although an average count
of 300 to L graing was aimed at, this was not always possible.



TABLE
MINERAL NUMBER FREQUENCY PERCENTAGES - Orade size 40,351 mm.

- SAWPLE NUMBER &8 23 B N ¥ N Lk RN I3 N ¥ R
B e T2 e B A W kT 3 9 3 2
Leucoxene (+wh.ct. g ¥ R - ﬁ - - 2 2 E 1
Biate Ceeiiasl 8. 98- 8- 2 § = 7-% 85 1 1 b
m g U e T G TS R G i R S S
Garnet PERTS A W B % n 5 7T 8 1B
mti“ - - - = - - - - - - - - -
, 1&&& ;4 1l 3 29 T 1 3 A o0 6 26 28 2k
Blotite - - - 1 1 - L 7 - - - 2 -
mm - - - - — - - - — — - — —
Anthophyllite T T s e et T (s e w
Tremolite ST TR e TR Y ARt U W S R
Actinolite B g e gl Ll e | ~mey i e o=
Hornblende 3 - 1 - 1 - - - - - - 3 2
Glaucophane - - - - - - - - v ! - - - &
Enstatite - - - - - - = - o= 3 2 & —
Hypersthene - - - - - - - - - - . 9 - -
Epidote 63 2 3 9 134 21 k I 22 5 5 12 2
mite - - - - - - - - - - = - -
Titanite T R e - R T e T i et e o =
Zircon - - - - - - - N s - - 2 -
Anatase - iali 0 e TSy kT I ™
Spinel RSO . g AL TRE T T e e e -
Rutile - - ~ 1 3 1 L - - - 3 1 -
Unidentified BY B2 3.7 1.0 5.0 1k 3B = 18 10 23 1.3 2.0
AT Qomh® luz sy a7 96 v om o W 6 M 5 10




TABLE .
MINERAL NUMBER FREQUENCY PERCENTAGES - Grade size 40,250 mm.

********************r**********************%******************************************

SAMPLE NUMBER 93 19 2 21 2 3 B B W3 B W B &N

Ilmenite (+ mag.) 8§ 156 -1 W 2 17 2
Lpunoxana§+uh.ct.§ 3t 2 39 29 16 19

W
=
o
LS ]
2
2

Limonite (4br.ct. 1 3 Sy 16
g;:iound +pt.ct. 1 2 7 7 20
te

garnet

Apatite
Lepidolite
chlorite
Biotite

Tourmaline
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Zircon

Anatase
Spinel
Rutile
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Unidﬁntified Ooh 003 - - 0-3 0-3 -

%§$§g§GECQUg£§? L68 323 249 259 360 293 101 116 LS9 la7 3L5 306 185

For samples 03-31; number frequency of zircon is
greater than that of tourmaline.

For samples Lli-L2; number frequency of tourmaline
is greater than that of zircon.



TABLE .
MINERAL NUMBER FREQUENCY PERCENTAGES - Grade size +0.175 mm.

WW%WWWMMWWW
SAMPLE NUMBER e TR S S - SR " e~ S o S . 3, 35 L2
Einentte (+ang.) | 9 & & s 38 s8 6 15 12 16 13 21 23
Leucoxene(+wh.ct.) (31 8 17 20 5 ¢ k3 17 35 3 22 3 22
Limonite (+br.ct.)| 9 39 16 3 1 N 3 1 3 5 30 L 22
Compound (+pt.ct.) |37 11 31 8 8 9 6 6 9 7 7 2 16
pyrite - = = = = & = = e = = - -
garnet 3 L 2 16 8. 39 30 9 ¥ 9 9 6
Apatite - - - - - - - - - - - o -
Lepidolite PN ldE s N 9898 -8 8 B 28 -7
Chlorite - - - - - - - - - = R -~ =
Biotite - - - - * - * - ) 3 - - =
Tourmaline 0.9 8.7 0.2 0.2 0.k 0.3 0.9 1.510.3 7.5 heh 3.1 0.8
Anthophyllite R S e L e i, m m, w
Tremolite e e U ST TR S AR
Actinolite * - - - - - - = - = . - -
Hornblende p ¥ #* - - 1l * - ~ - g.-% #* 5 !
Glaucophane - - - - - - - - - - - - -
Enstatite - - - - - - * - - - - - -
Rypersthene BRI o S et e ke W e w e e
Epidote r oo TR . . ; O 91 ey 9 %
Monazite 3* * - * - - - = = - - - -
T;tanite - - - 3* - - - - - - - - -
Zircon 1.5 1.0 0.6 0.5 1.7 0.6 0.3 =~ 2,9 6.3 10 0.3 0.3
Anatase PENRECEENL L T R T e R 3 2 = =
Spinel - e — T I MR, R T -
Rutile # - - - | - # 1 1 * 2 1 - -
Unidentified 0.i 1.0 0.6 0.5 0.8 0.6 0.3 1.0 1.0 0.6 0.2 0.6 0.6
ORATNS o Scs) | 550 305 535 M5 238 3L 32 195 20k 335 L33 357 361

For samples 03-31; number frequency of zircon is
greater than that of tourmaline.

For samples LlL-l2; number frequency of tourmaline
is greater than that of zircon.



TABLE

MINERAL NUMBER FREQUENCY PERCENTAGES - Grade size +0.125 mm.

SAMPLE NUMBER A X 2T %29 Ny %1 13 18 3 B e
Tlmenite (+ mag.) 2 1o R T 3% &0 K- & A8 817 18
Leucoxene(+wh.ot.) |37 5 25 21 6 2. 27 aige e Lo A8
Limonite §+br.ot.; 1 15 5 a < 2 »* 1 2 2 20 S
Compound (4pt.ct.) |1 16 1 30 28 17 39 18 28 34 28 2 B
Pyrite - - - w1 B e e m wm owm owm o
Garnet T T A e R R TR
Apltite - - - - - - - - - * - - -
Lepidolite L 5 3 h 1 8 & 16 6 5 L 10 5
Chlorite =] = - - - - - - - = = - 2
Biotite - - - - * » 1 - »* - - -
Tourmaline 2.3 0 Bl 0.3 3.5 0.7 2.0 5.812:3 )30 V.5 16,1 2.3
Anthophyllite RN e i g 1V ottt U R GRRE < [ 1 e o o
rr::&t.e- : 1 6 A 1 3 5 2 1 6 5 2 16 N
Actinolite SO B W RV R T i SR, Y ST -
Hornblende * i - : | #* 7 1 1 - : 4 3 * 1
Gl‘mwm - - - - — - - * — a - E -—

~ Enstatite T LT T e LR B R I 1 R

rathene - = o o - i = e I = 4 = )
Epidote 3 C AR R, LR P IS LT I e P b R
Monazite - * ™ - - - - - 1 4 - - -
Titanite o et e TR T e e e e - - -
Zircon Tkt Al 2.2 B3 28 ) 20 146 249 39 3.3 1l 20
Anatase e T i R | 2 2 ; o | 7 3 2 2 2
Spinel - » * ~ - - - - - - * * it
Rutile RO COR R T T | CH o e T T R | 1
Unidentified 0.6 0.5 0. 0.3 0.5 0.7 0.6 0.7 1.8 0.8 0.6 0.6 0.3

GRAINS COUNTED
(AVERAGE = L1L) 536 LO1 568 LOO OO LSO 38k L26 382 359 362 316 39k

For samples 03-31; number frequency of zircon is

greater than that of tourmaline.

For samples Ll=-l2; number frequency of tourmaline

is greater than that of zircon.



TABLE .
MINERAL NUMBER FREQUENCY PERCENTAGES - Grade size 40,088 mm.

SAMPLE NUMBER 8% 2% B 9 29 u % 9. 13 .18 #; ¥ L
T s By 2 3 1 2 2 3 & o= § -
Leucoxene (+whect.) | L1 L 26 2L 3 A 23 18 24 @ % 6 18
Limonite (+br.ct. * 1 2 1 1 1 1 1 1 1 - * 9
compound (+pt.ct.) | 38 2 28 25 2% 13 &5 @ 286 24 23 2 24
pyrite - - - - - 3 - - * = - - o
garnet 1 3 3 g 0¥ 13 6 20 N 3 L 6 6
Apatite - - - - - - - - - - - - -
lepidolite S Rl N L. . 8 % 3
Ghlorite - * - - - - '— - - . — - -
Biotite - - - - - - A, e L A - - -
Tourmaline 1.3 1.1 0.6 O 0.8 0.9 3.9 3.8 6.2 16.3 11.7 10.L4 2.3
Anthophyllite - - - - - - = - o b - 4
Tremolite g | 1 2 1l 2 3 2 16 . % 2 1 7 3
Actinolite - - - ® - - o i = - — = &
Hornblende # 3 * # * * 1 1 - - - #* #*
Enstatite - = - — - - = - e i - - -
Hypersthene - - - - - - - - - = - - -
Epidote 2 #* 1 #* 1 1 - - - - - 3 L
Monazite - - - 2 3* - - = ¥* * — < =
Titanite - - - - - - - - - - - * -
Zircon 3.5 2.2 1.,611.8 8.8 6.1 2.2 5.3 3.2 T.h Toh 5.6 3.7
Anatase 9 81 35 m 2 8 2 »n N 23 25 L6 27
Spinel * 3* i - #* 1 #* 1 #* - - 2 #*
Rutile ¥ * 3* 1 2 1 2 N 1 2 2 1 3
Unidentified .1 0.2 0.2 0.2 Oui 0.7 Ok 0.4 06 = 0.6 0.6 0.7
GRAINS COUNTED
(AVERAGE - 57L) 750 LSO 500 500 500 LSO 54O LSO 500 350 350 520 300

For samples 03-31; number frequency of zircon is
greater than that of tourmaline.

For samples lli-L2; number frequency of tourmaline
is greater than that of zircon
except in case of # 51 & # L2.



TABLE .
MINERAL NUMBER FREQUENCY PERCENTAGES - Orade size 40.062 mm.
A S HHHEHHHEHHERHHEHERHHHEHEHHSHEHERHHHESEH

SAMPLE NUMBER 03 19 4 21 29 2 N A /W B B
Tlmenite (+ mag.) 1 1 #* g 2 » 2 ) - * - p & -
Lanconuém.ct.g i 19 85 3 g Aom)-h Pty 0 R Ak A 2N
Limonite (+br.ct. # 1 1 2 b . BilRDe e | . 6 2 3
Gompound (+pt.ot.) (37 20 230 28 32 2¢ 39 13 2k 2k I @2 13
mt. - - - e * 5 - - - - - - —
garnet iE e L 7 g A7 26 3 19 I 5 6 5 8
Apatite B o ] | e U TN e (o S W Il . W 1
lepidolite R T W W e SR L O s i Bt G R

 Pourmaline 1.8 2.0 0.7 0.7 1.5 1.5 heO 340 11.2 12,8 kb 342 2.0
Anthophyllite G SIS R . T TR e R T T

. Tremolite 3 1l e #* 2 | * 1 - - 3#* 2 +*
Actinolite - - - i - —. * - - - = * -
Hornblende k3 * - » * S 1 = - - - * *
Glamopm - - - - - - - — - - — — —
Enstatite - - - - - - - - - —_— — - -
Hypersthene - - - - - — - = o -1 - - =
Epidote 2 p § * 1 1 2 - - - - #* | "
Mﬂt‘e L - - - - - - 3 - # - - -
nt&niu - - - - — - — el - - - - -
Zircon 806 3'3 2.7 16.3 13.5 19.3 3.8 13.9 1’4.6 2“.0 15-7 5.6 12.8
Anatase 5 B 30 95 3.6 a1 g 8
Spinel a * * - W - - * - - - : | #*
Rutile 2 1 #* 3 2 1 3 L e 8 1 2
pnidentified G.6 0.2 0,7 Ok 0.6 6,7 0.3 0.6 0.3 0. 003 OB 202

UNTED

(()itAv:éngEG? 7gl'fﬁ) 500 700 300- 270 333 270 LOO 330 330 250 350 500 250

Note that the number frequency of zircon is greater than
that of tourmaline in all cases except that of # Ll.



TABLE .
MINERAL NUMBER FREQUENCY PERCENTAGES - Orade size -0.062 mm.

FEEEEESEN }*****************%**%*%***%%%%**%%%**%%&%%%*%%MHHHHHW#
SAMPLE NUMBER o 38 B ey 29 A bk S A3 X N B W

Tlmenite (+ mag.) ) Sl T T, ol e i o s e S .
Leucoxene (+wh.ct.) | 35 26 22 AN TR | ST e T SEIEE T R S
Limonite gmr.ct.; T T T i, T e TR SO TR A T
Compound (4ptect.) |32 23 20 22 12 23 22 1 2, 11 9% 3 11
Garnet - R R AR S S - - RO S 29 36
Apatite - - - - - - - - - - - = -
Lepidolite it g sotilie S e B B AS 30 25 - %
Chlorite - e e bk Sl S e e, g — el eyl N
Biotite - - - - - - = - = — = o -
Tourmaline 0.9 Soh 2.0 Oo? 2.0 006 0.6 0.6 6-’4 hoB 2.9 0.8 0.7
Anthophyllite B R Kt roasis o bia ST DN ) et (e e
Tremolite * 3* - 1l 1 1 - 1 o * - 1 -
Actinolite - - - - - - e — - = - = =
Hornblende 3* - 1 - 1 = = - - = & F =
Glaucophane - - - - - - - - - - - - -
Enstatite O A R e el s N R
Hypersthene | = - - - - - - - - - - - -
Epidote ‘ 1 * -~ 2 2 * - - * - - 1 1
Monazite R B T R R s R s T R T T e
Titanite — - - - = - - = = & ) = a
zireon 1203 35.L 10.8 46,7 23.0 2647 1640 2L.6 27.6 38.3 5k.3 11.5 23.2
Anatase el T e . S GRS 16
spinel B e e R e e e s R
Rutile b e R R T S (N Tl Y -
Unidentified 0.8 0,6 0.8 - 1.0 06 09 = 0.8 = = 16 =

GRAINS COUNTED |
(AVERAGS = 377) ]650 700 250 300 360 333 350 350 250 300 280 500 280

Note that in all cases the number frequency of zircon
is greater than that shown by varieties of tourmaline.



(9)

Uhen insufficient grains were seen a second parallel band was :
examined, but even this, in addition, did not alwaya display the
required number in the case of the coarser grades. '1th the finer
sizes more than LOO pgrains per slide were observed, and sometimes
it was only nccessary to examine a gingle field in order to obtain
counts of 700 grains.

The opaque minercls most commonly recorded, as might be
expected, werc the various iron oxides and compound coated grains,
These included black opague magnotite and ilmenite, probably mostly
the latter; white opaque leucoxene, and white coated grains; brown
opaque limonite, sometimes with cubical forms after pyrite; and
quarts or other minerals having iron oxide inclusions or partial
coatings, More rarely pyrite wae observed, thie minersl being
particularly well displayed in mounts from sample number 31,
showing cryetal faces with striations (very good examples in the
+115 mesh slze).

The only isotropic mineral scen wae geynet, This appeared in
peveral forme, colourless, pale greenish-yellow to apricot-yellow,
rerely pinkich (as in sample 35)e In the coarser sizes some of the
garnet was observed in association with lepidolite and appears to
have been derived by contamination from other sources during the

procesg of crushinge.

Apatite was very rarely seen and, in fact, could hardly be
expected after the double acid tiecatment to which all the samples
were subjected: a colourless and well-rounded grain was, however,
obeserved in sample 15 (+115)s Lepidolite plates, colourless to
mauve-pink, frequently with inclusions, and often with hexagonal
ray strintions, were observed in the coarser sizee of several
samples: their presence would appenr to be due to contamination
from Pala material previously passed through the crusher, Plates
of brown biotite mice were occaaionally seen. Chlorite was also
recorded, but only rarely.

Tourmeline was seen to occur in a variety of colour shadea
and dieplayed different degrees of rounding., Colourless to pale
yellowish and pinkish shades are comparatively rare, vhile st
pleochroic straw-yellow to yellow-brown, and brownish-yellow to
greeanich-brown varieties, are common, usually sub-rounded to rounded
forms in samples numbered 44, 51, 13, 15, 34, 35, L2; angular in
samplea numbered 03, 19, 21, 27, 29, 31: these yellow-broun types
often show gas-inclusion cavities, but are more commonly without.
Sub-rounded varieties, coloured brownish-green to black, and greenish-
-blue to meuve, are freguent in samples of the first group (44 to 42):
these are particularly well dieplayed in elide 15 (+80), in addition,
to the good elongated or egg-shaped yellow-brown types very well
shown in slide 35 (+115), but are relatively rare in samples of the
second group (03 to 31)e

Amongst the amphihg es observed most commonly were colourless
tremolite with Zae = 20Y, lineated inclusions, and index of refraction
very near to that of the Arochlor mount medium. Pele greenish
actinolite was scen, with similar properties, but was not common, as
also rare colourless anthophyllite displaying parallel extinction.
Hormblende, usually bluish-green to yellowish-green, was guite often
recorded, but only in emall numbers., Glsucophene, distinctively
lavender-blue to ~blue, wag extremely rare and only observed
in two slides, 51, (+115), and 35 (+115),




TABLE . i
OBSERVED NUMBER FREQUENCY FPERCENTAGES ~- Orade size 40,250 mm.

NUMBER 03 19 2o 27 29 #N W B 13 15 3} 3B Lk

w 1.” OI” - 0039 0028 o.}h °l99 0189 9415 6;95 5.22 0-65 -

angular | ~ - - - - - - - - - - - -

sub-angular | 0,21 - - - - - - - - - - - -

subw-rounded @~ - - - - - - - - - - - -

rounded - - - - - B - - - - - - -

m - - — - - - - - - - - - -

sub-angular | - - - - - - - -  D0.4h 0.2h 0.29 -~ =

sub-rounded | - - - - - - - -  0.87 0.24k 0.58 - -

rounded - - - - - - - - 1l.09 0.24 0.58 - -

angular - - - - - - - - - - - - -

m o»& 0162 - 0.39 0;28 - — e 1.5 ltgg 0-58 0;33’ -

;M 0,!;3 0031 - - - °|3h - - 1.7 p BN 0.8? M -

B % = e aw e e Tl 1e0B 08 Y

. anguler [~ - - - - s e e e e e = -

mmd e = i 2 5 = = Z ok 0.2 0.29 - :

: S B e el I - v B R R

1 R e A R

x R s e e . R Bl e e —

k. e e e e -

R rounded - - - - - - - - 0.22 0,2k 0.58 - -

| ziroon Total | Le27 2.79 2.81 1.6 1.1 1.02 - - 566 L.32 145 0,33 -

% Sogular  |1.280 0.62 0.80 - - = = - 0.5 0,9 0.29 - =

| colourless | o gngular (1,26 0.93 0,80 0.39 - 0.4 - = 0,65 0.72 0.29 - =

g e sub-rounded [O.13 0.1 - - 028 - = - 0.7 072 - - -

| sy P | = = e e e w e Oally Osdl = e w
g !

_Tt & m 0.21 0031 00!}0 ot D.Zﬂ 00311 - o 0,22 oﬂzg 0'29 = .

B ; sub-angular 0.21 0O, - 0.39 0.28 .0, - - 0.87 0.8 0.29 -~ -

= | pinicdish sub-rounded | 0,13 0,3% 040 -3 = -31‘ - - l.ﬁﬁ 0.72 0.29 0.33 =

; | e e e S

e R - - RS S

- P sub=rounded | -~ = = - - 0.28 = - - o - = - -

| puplish | Tiouded (021 - OO 039 - - = = = = = = -

J VOLUME FREQUENCY RATIO | 0,30 0.33 <0.1k 0,33 0.25 0.33 »L.00 »1,00 1.61 1.61 3.60 2.00 -

ET 2 Trs L Pl 'i*k',‘ﬁ‘!’!‘!\.ﬂ "‘q%‘-’ﬂ*.’;"#

LS



o3 19 21 27 29 i bk 51 13 15 L 35 L2

0.90 0.66 0,19 0.2k 0.4h2 0.30 0.9h 1.5k 10.29 7.6 L.38 3.08 0.83

- - - - = e 2! s T B 3 ! -
- - - - - - i - 0-98 Oo 0.21‘ 0028 -
= - - - - - 0.1 - 0.49 0. 0.72 =~ -
- - - - - - s s 0.51 ol D 0'72 Dosb 0026

-
1
(=]
. 1
-
o
l?i
n
=
o
&
|

D.O8 =5 =
0.72 ©0.28 0,28
0.72 0,58 =

&

1
1
1
1
-4
|

2R lueey

o
-
&
| BT bt U
(=]
-
4
b
-
=
S
)

LT :31 g g:hg O . :e
= - - i e T T} & 2 B30 = - D
- - - - - - 0.31 - 202‘.6: 0030 Ou?h Doah -
T e R e S S o A
- - - - - - - - - Q'w - - -
- - - - » e gl . b 0.1;9 . 002‘1 O-Sb —

S

60 0.31

1
L~
)
=
o~
.
"
L |
o
.
o
.
P

> -}
o
.
L)
=2

1.L6 6.98' 0.56 0.LB

g:% o 039 ouzk
0.3 e

B B S
1
1

1080
(=]
-
o
G
=
»
-
0
i
[ ¢
=]
o
-
L
o

0.24 0.
0

tLER
¥l B4
oo
)
'~
OO
| ol >
‘r'-
58
o
i »
~
&
] [ B
1

2
f YL
V2
o
i
L
o
L
8

1
1

- - - - - - - - oy s ool = .- »
- - - - - - - - - - - - -
- - - - o.u - — - - - - - -
- - - - - - - - - - - ~ —

0.63 0.67 0.33 0.50 0,25 0.5 3,00 3,00 3.50 1.19 L.75 11.007 3.00




TABLE -,

ORSERVED WNUMBER FREQUENCY PERCENTAOES - Orade sise 40,125 mm,

R W —

SAMPLE NUMEER 03 1 A 27 29 il W . -85L +33 018 - - 3 a8 ke
"mumm.m - Total 1.31 0,50 0.35 0.25 1.%0 0,66 2.08 5.63 12,30 11.98 7.L6 16,1L 2.28
colourhlaou l'w! _ & N by m = g i % - p - .

.\b"m - - - - " - - - - - - - -
pink—y.llch mnmhd n - = Ly = - - 0.23 - - - | -
| angular - - - - - - - - Q.26 = - - -
.tr“g‘llc' 1 .ub_.ngul.r _19 - - - - - 0.26 O.E;; °-§6 g'% - 8 00325 -
m‘mmm Ne - - - - - . Q, 0,52 - 0.2 Os -
PoLowbroms | “rounded | = e o~ = = = 0.6 047 079 o8 026 127 owes
ﬂm 0.19 - 0-18 - 0'25 e o~ 00'.!7 1005 0-56 - - -
| Brownegellow | gub-angalar o.ag{ o.eg o 0.25 o.g‘g gzﬁ = g.;g %05; %.;g g.'fa 1.58 'g.?szs
!ﬂb—!'omldid oo 002 001 - O- . . - . . . 0 2. 3 =
mwm md 0.%9 - - - e o 0026 0.9“ 1.57 2.23 1.10 2.3* 0025
) angular - - - - - - = -~ 026 = - AN
o e e T U (O T oo e
115 9 - - - - - - - - - . . - -
Wlaok | MB-POBMRA | L s o om e SR SRg 0N 10 Bes Gees
.ml.r - - - - - T- - 0.2 - 7— - - -
pn?-b].m sub-angular | - - - - - - D26 =~ ’ D.26 = 0.28 - -

i suberounded | - - - - - - 0.26 0.23 0,26 0.28 0.28 0,32 -

pe—— rounded - - - = - o S e OB6 G 028 0,32~
ZIRCON -  Total 3.3 L2k 1.23 L.25 2.50 3.11 1.0k 1.6k 2,88 3.90 3.31 1.27 2.03

angular | 1.12 0.75 0.53 0,50 0,50 1.53 - = D52 o.& - D3R -
sub-angular | 1,12 1,50 0,18 0,75 0,50 O. 0.26 0,47 0.79 Oy 0.85 =  0.28
colourless | i rounded | 0,37 1.00 0,18 0,50 0.25 0,22 0,26 0,47 0.26 0.5 o.? 0.32 0.25
rounded - 0,25 = - - = 0.26 0.23 0.26 0.28 O. 5 - -
angular |0.19 0.25 -  0.75 0.28 Ok - - - 0,55 0,28 - -
sub-angular [ 0.19 0.25 -  0.25 0,25 0,22 = 0.23 0.26 0.28 0.55 0.32 0.5
piakish sub-rounded | 0.37 0.26 0,18 0,75 0.50 0.22 0.26 0.2) 0.52 0.28 o.sg - °:2§
rounded - - - 0025 0025 e - - - - - - 0.2
| rounded | - ' - s - - - - . . — - L
puplish | = Cded | - - = 028 = = 022 = = = 028 - 0,38 025
T/7 VOLUME FREQUENCY RATIO | 0,39 0,12 0,29 0.06 0.60 0.21 2,00 3,43 Le27 3,07 2.2512.75 1.13



TARIE
OBSERVED NUMBER FREQUENCY PERCENTAGES - Grade sise +0.008 mm, ’

0 SANPEENRIEENC A ER R gg YRk 87 'Ry s By ® 1y 1S 3% 3 k2

| TOURMALTNE -  Total |1.33 1.11 0,60 0.0 0,80 0.89 3.89 3,77 6.20 16,29 11.71 10,38 2,13
Seinutnss (ORRRIIRMIBEHUNE RIGENC il 5 S T LR T T T T o
o BRI T A e R~ | e = A D29 -
pink-yellow  rapnded - - = - 0,20 = - 0,22 = - - 0,19 =~
V .u, M - - - b - - - - 0¢20 0:29 - - b od
mﬂ.nw mm - - - - - 0.22 - - O.hO 0.86 0.‘;7 0.19 - |
to sub-rounded | - - - = 0.20 0,22 0.19 0.22 0,60 0.57 0.B6 0.58 0.33 |
yellow-brown | rounded - - = - - - - 0.22 040 0.29 1.1k 0.77 =~ |
angular 0, Q.22 0020 - - - 0.19 0.40 087 0.57 0.58 = ‘
brown-yellow | syh_angular | 0,53 0,22 0,20 0,20 -~ 0,5 0.22 0.60 1,71 1.3 0.9 0,33
to sub-rounded | 0.13 0.22 0.20 0.20 0.20 0,22 0.37 0.67 1.00 2.29 1.3 1 g 0.33
greenbrown | pounded | 0.13 0,22 0,20 -~ - - 0,37 0.67 o.80

2.29 1lh3 '?3 DIJJ ‘

angular - - - - - - 019 - 0.20 = 0.57 0.1 -
brown-green | gubgngular | - - - - - - 0,86 0.22 0.20 0.8B6 0,57 )g -
to sub-rounded | = - - - - = | 037 0.22' DO 200 0.57 n % - |
black - - - & - - 0.3 0.l 0.40 2,29 0.86 1.16 043 |
‘J“ul.r - - - - - - - - - - - - - |
green-blue | Ly ordar | = 022 = 0= =~ = 019 - 0,20 0.29 0.29 0,38 0,33 |
to sub-rounded | - o 5 = - ~ 0,19 0,22 0.20 0.86 0.57 0.38 0,33 |
WAUVe | oounded - = . - . - 019 0.4k 0.20 1.1k 0,57 0.38 - |

ZIRCON - Total 3.k7 2.22 1,60 11.80

W O-m 0.89 0‘20 1.00

GQBO G'h’.‘ 2.22 5.33 30?0 ?lh3 7"13 S‘qa 3067

. 1

YO sub-angular |1,07 0,67 0.60 1,20 %-
0

O.hh 0,19 -~ = D.29 0.29 - 0.33
1.1 0.37 bk 0,0 1.1hL 1.43 0.77 0.33
. 1.43 1.16 0,33

sub-rounded 0,40 0,22 0,20 1.0

£33%
2
o

o9
=
57
&
o
g
o
&

l rounded |03 = = 0.0 0.40 O.hk 0.J9 1.33 0,60 0.86 0.57 0,58 0.3
angular - - 1.40 = o.4y - - 0.20 0.29 0D.29 0.19 =

' lmxb-waular 0.53 0,22 = 2,00 1.20 0.67 0,19 0.67 0.40 1.1k 0.85 Q.77 0.67 |

| plnkteh | o nded [0.27 = =  1.60 1.00 0.89 0.5 0.67 0.40 1.h3 1.k 0.9 1.00

A | rounded | - - 0.0 0.80 1.00 O.kh 0,37 0.l 0.57 0.29 0.77 0.33
i e PR T S
aave-pink | gbangular | - - - 0.40 0,22 - - 0.20 0,57 029 - =

to sub-rounded | 0,13 0.22 0,20 0.80 & 0.20 0.29 0.57 0,38 0433

0.22 Aui QEBR | v
0.7 1.9k 2,19 1.58 1.86 0.6l |

purplish roundsd | 0.3 - 0,20 0.L0
17/Z VOLUME FREQUENCY RATIO | 0.38 0.50 0.38 0.03

ol o0
3kl

o

s

-
3
o
-
I E
-
-
-
W




PO R ey

OBSERVED NUMBER FREQUENCY PERCENTAGES

TABLE .

S o o b ol ae ha s e o e s ae o o A be bt e bt e 4 aag.

peyvre

RERRRETFEETT—

- Orade size 30,062 mm.

SAMPLE NUMBER o 9 a4 o O oWHmORTE SOV PN OB N e
TOURMALINE -  Total 1.80 2,00 0,67 0.7k 1.5 1.48 L.00 3.03 11,21 12,80 L.57 3.20 2.00
! w - - - - - - - - - - - - -
Bl |- - L N R S e
; pink-yellow | * rounded Z E - X 2 & = - L = - o -
i .“V‘“Ju. s — s A5 -~ - - = (s O.hO - 0.20 o
!"‘"“7'11"' sub-angular | 0.20 - - ~  0.30 0.37 - - 0.8? 0.40 0.29 - -

1 30 sub-rounded | - 0,14 - - - - - 0,30 0.6 o.B0 001;79 0.20 -
| yollowbrown|  ‘Corged | = = = = = = = = 030 040 0.57 0,20 0.40
i —
{ 'ﬂ‘m 00 00 0. 3 - 0. — O.&S 0‘ 0‘61 1.20 - - O’w
;""’""g‘n‘" sub-angular o.% 0.571 0.53 iy =2 g‘gg g.§ %ﬁlz g.gg 3.91 g: 3"‘,3
{ rounded 0. 0. - O 0. - . . * - - .
li’ WHM .‘?ﬂw o.g -hj - “37 -” 0037 0.3’5 oi” 0391 1.20 o.a 0.60 -
‘ V -
:brm':unon M‘“ : o : : X 2 -50 - 1.21 g.gg g.gg 0.20 0.40
mﬂ - - - - - Ols 7 O. 0. Oo - = - ~
black ":m T R - e 0.50 i 0.338 0.0 - 00 =
u‘uui - - - ™ - - 0325 - 0. e = - '
gren-Siue o e R P iy sy TR R
| b e 5 0.20 0.k - L o.sg 0-338 0.91 1--2 029 0.20 -
i M. rounded - L = - - - 0.5 0,30 0.30 0.40 0.29 0,20 -
7 angular | 2,00 0.71 1.00 2.22 2.40 2.22 0,25 0.30 1.21 2.00 0.57 0.L0 1.60
ml‘.’ m iug ltg 0‘2?’ 2.% %’199 g.gg . gizg §i%§ gn!g k‘g g‘% g'% g'%
!W . oo 0. 2. = - - - - = - - -
rounded | 0.20 0.1k = 1.1 0.90 1.1 0.25 2.73 2.42 2.40 1.h3 0.80 1.20
1.0 0.1k 0.33 0.7h 0.30 1.8 - - 0.6 0.80 0,57 0.20 0.80
ar| 1,00 0.29 = 1.55 1.?'3 2,96 0,50 1,21 1.52 2.80 1.& 0,60 1,20
pinkish gub-rounded | 0.60 0.29 0,33 2.22 2,10 3.33 0.50 2,12 2.12 k.00 2,86 1.00 2,00
rounded | 0,20 ~ <7 111 1.%0 1.1 0.75 1.52 1.21 3,20 1.k 0.60 0.80
e el 1o, A P S e g P S e Pk S
tO . - .
sub-rounded | 0.20 0.1 - 0.7k 0.8 Aol - - 0,30 040 0.29 = 0.0
purplish rounded | - = = = 0,30 037 - - = 0.0 0.29 0.20 -
T/Z VOLUME FREQUENCY RATIO | 0.Z1 0.61 0.25 0.05 0.11 0.08 1.07 0.22 0.77 0.53 0.29 0.57 0.16




TASLE
OBSERVED NUMBER FREQUENCY PERCENTAGES - Orade sise -0,062 mm.

SAMPLE NUMBER R |t < R SR RN | WL - SN O S R e | T
TOURMALINE - Total 0.92 B3 2.00 0.67 2.00 voséo 0.87 0.57 6.40 L33 2,86 0,60 0.71
angular - - - - - - - - - - - - -
°°l°m'ti'“ w::- - - L - 3 & P, &k L 1t i i =
Pm“-ﬁ“nﬂ rounded - : : : = - : : : : : : :
angular - - - - - - - - 00 - - - -
lww 1low W - 0.29 = g 1-m 0.30 = - g.i:g 8-33 0. - -
ol i < i SRS A0S i -y i FC R I - 0233 - D
w n.hé 1'1‘3 Q-m 0.3] - 0-30 - - 0. 0.33 = » -
bﬂ"*&"n‘" mb-mlu; 8'%5 )iﬁ 0.80 0.33 1.00 - 0,29 =~ é'é o.g% g.% Fa P gdlg
e W R oy B e SRR R P, Rl R~ L o ¢ Wil 1
e e oe R Tl TR o o] T Tl
black | Sub-rounded | -  0.29 - - - - - 0,57 0.0 0,33 = = 2
: [ Wd - - - - - - 0129 - i 0033 L Dlm -
R T S MU e R
sib-rounded | - 0,29 = - - - - -, 040 0.3 OW7A = 2
sk e - e VU S Ui e el it v .
ZIRCON - Total  [20.31 36.43 10.80 L6.67 23.00 26,70 16,00 2L4.57 27.60 38,33 SL.29 11,80 23.21 |
angular | L.62 9,14 2.80 10,00 3.00 3.60 1.362 1.1k 1.80 3,33 2.86 0.60 1.79
sub-angular | 5,23 11,47 k.40 13.33 ﬁ.oo 6,90 2. 43 L.00 B.33 12,86 2.80 S5.00
colourless | g rounded | 2.77 7.13 1,60 5,33 L.00 6,00 L.0O 357 g.ao 7:37 17.1h 3,20 S.E
N‘Md 0092 2.57 0.80 1033 2'm llm 2029 llow 2080 how 1-71 20” 2!
W 1085 O.E.’ O.hO 0'67 1.00 2-&0 0-51 - 1.60 2.00 low 0,20 oo“
'M“llr 2.1 143 O.hO .67 2,00 2. 1.7 101’4 how h.é? 29 1.00 305’
pinkcis sub-rounded 3 32 Oil0 0100 00 200 779 LT beoo .33 Ib’gg 1.00 3.21
rounded 0062 0086 - 2.67 2.00 O;ED 1-1].] 0-57 10& 3.00 2e u-m 1!07
m‘“llr - — - - - - - - - - - - -
$E¥ 2 g o N e R g.b; o G R e I v e e
roun . - - . - - e - = - - - -
T R R gl - S R S R et R
/2 VOLUME FREQUENCY RATIO| 0,05 0.15 0.19 0.01 0.09 0,02 0.0L 0.02 0.23 0.1 0.05 0.07 0.03
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Instatite and hypersthene occur, but only rarely, and display
their characteristic pale-greenish to pinkish pleochroism. Good
splintery fragmente of yellow-green to straw-yellow epidote are
frequent in the coarser gradee of all samples, and cleavage plates
often give good optic-axis figures. Axial pleochroic changes
determined were Z = pistachio green, Y = smoky and strongly absorbed,
X = yellowish; sbsorption Y>Z>X. Monazite was recorded most noticeably
in slide 19 (+80) as a few sub-rounded grains, roughly egg-shaped
in general outline end greenish-yellow in colour, but with reddish-
-brown spotty stains: unspotted sub-angular greenish-yellow grains
were also observed in 03 (+80)e Doubtful titanite was recorded in
a few samples. :

Zirecon, which was most commonly seen in all the finer grades,
was claseified into three main varieties, colourless, often prismatic
euhedre with inclusions; emoky or pinkish, frequently euhedral with
inclusions, and sometimes with striations or zoning marke; and
mauvish-pink, rarely with inclusions, and ususlly sub=-rounded to
rounded in forme Good euhedral pinkiesh types with inclusions are
well displayed in slides 31 (+60), 29 (+80), 27 (+115), and 29 §+115);
lop-sided squat smoky euhedrsl forms in 21 (+115), end 31 (+115);
elongated yellow-pinkish prismatic forms 4in 34 ( +115;; end colourless
meg: ?sgglo:;.y with inclusions, in 15 (+80), 31 (+80), 12 (+170),

+. e

Anatase is very commonly present in the medium esizes in the form
of deep indipgo=blue ngertea, occaslonally slso bluish-green: these
are particularly well shown in slides 19, 21, 35, L4, (+115 mesh),
end in 19, 44, (+170 mesh), while in the latter slso occurs a nearly
colourless to pale yellow vardety.

A rich red-brown variety of ratile is noticeably more frequent
in the finer grade sizes, particularly well displayed in semple L4
(various sizes), in 42 (+115) (good striations), and in 51 (various).

ARNALYTICAL REVIEVW

STATISTICAL DATAe

In meking the observed mineral counts for each of the slides, an
average of 354 greins were recorded for each of 7 grade sizes of 13
semples; an overall total of more than 32,000 grains. The results
obtained, computed as minersl number frequency percentages for each
grade sigze of each sample, are recorded in tables 11-17; they are
shown in greater detail, according to variations of colour and
roundness distribution for tourmaline and zircon, in tables 18-23.

The quotations to two decimal places in the latter series of
tables does not imply that sufficient grains were counted to justify
this degree of accuracy, but only serves to better indicate relative
variation frequencies. According to A.L.Dryden (1931), Krumbein and
rettijoim (1938, p.470), the probable error (P.E.) for counts (n)
dealing with mineral frequencies (p) would be P.E. (no. of grains)
= 0,6745/Mpq = 0.67&5./»21-9). On this basis the maximum probable
error for counts of 354 would not exceed plus or mimus 1% graine in 33
(= 35 percent) fop mineral fregquencies of 1 in 100, and plus or minus
33 @u&m in 35 (=~ 11 percent) for mineral freguencies of 10 in 100.




TABLE
CALCULATED OVERALL NOWINAL WEIGHT FREQUENCY PERCENTAGES ~- Sise limita 0.351 mm. to 0.062 mm.

AN eI SN S R

3l
~ SAMPLE NUMBER 0 lg - A 27 ¥ OM By 8 13 2E ¥ k2
TOURMALINE - Total 1,35 0.99 0.35 0.33 0.86 0.58 2,85 3.57 9.89 11.L5 6.5 1.L7
uoloua.ou mwwn.r 0:05 - - : 3 2 i o 0:09 & = -
sub=-rounded - - - - - 0,02 = - - - 0.02 =~
pink-ﬂnllvl'_ rounded - = - AL - Gl - B e
R : angular - - - - - - - -  0.15 0.20 0,02 -
mll"'“ Mmmd g.gg - - - 0,08 g.% -6 0,09 o.lgp 0.48 O'ﬁ =
- 0.02 - = 0003 - 001 0027 0. 1 0- 7 Ql 0005
ﬁ?lw rounded - - - - - -  0.07 0.26 0.52 o.Eg 0.58 0,19
i 7“‘1’ 7 70021} 0-21 Dcul bed 0010 - 0012 0'2 0-52 O-SS 0-10 0-0;—
brown-yellow sub_gngular 0.49 0,32 0.07 0.28 046 0.06 0.28 0.48 1.13 1,83 0.66 0.2%
to sub=rounded 0,30 0,29 0,09 0.03 0.25 0,35 0,30 0.L46 1.82 1.88 0.93 0.39
green-brown  paunded 0,12 0,06 0.05 - - 0.0k 0.23 0.50 1.10 1.72 1.0 0.12
' angular - - B - L. 0T - o3 < 006 -~
brown-green  guh_angular - B . - - - 0,15 0.1 0. 0.5 0.27 0,08
to = - - - = 0.0k 0.27 0.17 0.75 0.87 0.58 0.15
black " younded - - 209= = = = 0.6 0.1 0.76 0.98 0.93 0.12
angular = = = = = = 0.07 0.09 0.09 - = -
green-blue b avowlar 0,03 0.06 - 002 - - 019 0,06 0,35 0.21 0.12 0.05
to 0.03 0.02 - k % - 0.5 0.7 0.6 0.78 0.19 0,08
mauve w - - - - - - 0.25 0.10 0-2? Othh C‘-Jh -
- Total  L.26 2.82 1,80 2,98 L.65 3.80 1.91 3.98 6.69 10,37 3.5 2,72
angular 1.8 0.70 o.E% 0,27 0.70 0.67 0.12 0,06 0.61 1,07 0,16 0.2}
subeangular 1,19 0.98 0.L5 0.59 0.59 0.66 0,37 0.66 1.11 1.79 0.66 0,36
colourless sub-rounded 0. o.z'.} .19 o.gg o.Eg 0,38 O.ﬂl 1.13 1.20 1.65 0.70 G.L4O
rounded 0.06 0,09 = 0. 0.20 0,16 0,19 0,77 1.00 0,92 0.3h 0,19
angular  0.32 0.13 0.1k 0.29 0.27 0.k0 - - 044 0.3 0.7 0.09
m m 01” 0.21 - O.h'l 0.2{ 0052 0016 Ocm 0‘7% 1-29 Ooll‘? 0039
sube-rounded 0.38 0.15 0,21 0.37 0.81 0,65 0,38 0,58 "1,09 1.75 0.67 0.lé
rounded 0,086 - 0,058 0,16 o.bh 0.16 0,30 0,35 001 1,02 0,22 0.29
angular - = =i . - BT L 5 % - by
manvepink  gub-angular e e ot 0.08 e 0,05 0.11 0.06 0.08
MUW - - o. 00 0032 0.1 - - 0.2 0-2:. ”.10 ﬂ_l"
purplish rounded 0,08 - Q.g‘g 0,03 04k 0.1 =~ 0.02 - 0.6 0.09 0.07
- - Ny —— - - a
T/2 WOMINAL WEIGHT RATIO 0.32 0,35 0,19 0.11 0.15 1.49 0,90 1.8 1.0 1.8 0.5




TABLE -
FREQUENCY PERCENTAGES - Sise limits 0,351 mm., to 0,062 mm.

15-35-442
TOURMALINE -  Total balih
: angular - - = -
colourless  sub-anguler 0,02 o 0.03 2
plnk-yellow ~ rounded i 0.01 0.0k 0.0
angular - - 0,05 0.07
"-;g'n" sub-angular g..tol; g.% g.%? g.zé
yellow-brown .. unded = = 0.2 o:ﬁo
angular 0,20 0.03 0. 0.23
i~ R 3 B £
green-brown : 0. 0.01 0.61 0.
brown-green angular - - 0.05 0,02
te poe g 3 0.01 0130 o
black e 2 . 05k 088
A angular x - 0.08 2
green-blos o angular 0.03 0.01 0,20 0.1)
A— subsrounded 0.02 - 0,29 0.34
9 m - - 0021 ﬂ.26
ZIRCON - Total 2,96 3.8 Lel9 AR
angular 0.80 0,55 0.26 Ol e
colourless m o.gz 0.21 0.7 (i’o?
gub-rounded 0. 0,40 0.91 0.92
rounded .08 0.15 0.66 048
“_ ——
m 0.20 0.32 0.0S 0,23
panid sh sub-angular 0,20 0 0.45 0.70
sub-rounded o.gz 0. 0.67 0.96
roundad 0. 0.25 0.35 0,51
mauve-pink angular - ¥ & A
o sub-rounded o oot -y !
¥ 0,20 .07 0.16
purplish rounded 0.09 0.10 0.01 0.1
T/Z NOMINAL WEIGHT RATIO 0.29 0.15 1.29 1.15
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TABLE -,

OBSERVED TOURMALINE NUMBER FREQUENCY PERCENTACES

I R R A R R N T AN AR A AN AR R AR A AR R AR AR AAR

ORADE SIZE RANGE 0,351 to 0.062 mm.
SAMPLE NUMBER + + g + + - ARITH: MEAN | NOMINAL COEFFT:
0.351 0.250 0.175 0,125 0,088 0.062 0.062
mm, mm. mm. ®m. WW. mWm., mm. |SAMPLE|FORMATION | SAMPLE | FORMATION

" # 03| - 1.28 0.90 1,71 1,33 1.80 0.92 | 1.32 1.35
TRIASSIC | # 19 | ~ 0.93 0.66 0.50 1.11 2.00 S5.43 | 1.04 | 0.99

( * : §om e RS D19 0,35 0460 0.67 2,00 6,36 | 0435

LIPIS + o

#* A“-rage - 0.?& 0.58 0.72 1.00 1.h9 2078 0.01 ‘ Q.90

. # 27| = 0.39 0.2k 0.25 0.40 0.7h 0.67 | 0.L0 | 0,33 |
"UPPER" | # 29 | -~ 0.28 0.h2 1.50 0.80 1. 2,00 | 0.0 | | 0,86 |

* # 31| - 0.34 0.30 0,66 0.89 1.8 0.60 | 0.73 | | 0.58 |
(BENTONG ) et

* Average - 003)4 0.32 0.80 0.70 10211 1.09 0.68 '0059

* W | - 0.99 0.94 2.08 3.89 4.00 0.57 | 2.38 | 2,85 |
"LOWER" § 51 - 0.89 1.54 S5.63 3.77 3.03 O-Eg 297, 3.57 |

* 13 | - 9,15 10.26 12,30 5.20 11.21 6. 9.83 9,80 |

RAUB 4 uE

( * ) Average - 3.6& h.26 6.67 h.62 6-08 2-5]- —i 5-(6 | | S-hh

» # 18 | =«  6.95 7.46 11.98 16.29 12,80 h'§3 11,10 | 111,15 |
"LOWER" |# 3L=35| = 2.9 3.&3 11.80 11,05 3.89 1,83 | 6.68 | 6aL5

" # L2 | = = D83 2.28 2,33. 2,00 0,71 | 19 | | 147 |
(RENTONG ) | |

* Average| - 3.30 L.01 8,69 9.80 6.23 2.29 | 62 | | 6.6

TABLE -~ .

FREQUENCY PERCENTAQES

B e R S ST s T Tl R b s e D T R B Sl (S L aioaisis ol S e s ]
GRADE SIZE RANGE 0.351 to 0,062 mm.
AMPLE NUMBER + + 4 4 - ARITH: MEAN NOMINAL COEFFT:
L 0.351 0.250 0,175 0.125 0,088 0,062 0.062
i, mh. WM. Wme Wm. @M. mn, |SAMPLE|FORMATION smlmmnw
: ; : T
¥ # 03| - Le27 L5 3.36 347 B.60 20,31 | L.23 Lie26
10 | = 2.79 0,98 L2 2.22 3.29 35.%0 2,70 2,82
m:tssm 5 21 | =% 2,81 0.56 1.23 1.60 2.67 10 1774 1.80
LIPIS
( L 3 ) Average - 3.29 1.00 209‘.‘ 2.‘13 hoas 22018 2.90 ; 2.96
4 $ 27| = 136 0.8 uzs 11.60 16430 16.67 | 6.80 2.98
YOFPER" | # 29| - 1.11 1.68 2.50 B8.80 13.50 23.00 | 5.52 Le65
#* A - 00 0,60 3:11 6hhl9 26 26.70 .03 31.80
(BENTONG) -
#* Average| - 1.10 0.92 3.29 9.01 16,35 32,12 6412 3,81
+#* ' ml ' - 0031 1-0’4 2.22 3.75 16.03 l.h6 1091
"LOWER" § 51 = - - 1-6g 5433 13.94 24,57 | L.18 3.98
(R:‘UB) # 13 i 5-66 2-911 208 3020 lh-SS 27- 5085 6-69
* Average| - 1.89 1.08 1,85 3.58 10.75 22.72 1,83 L.19
» # 15| -  L.32 6,27 3.90 7.43 24.00 38.33 | 9.18 ' 10.37
"LOWER" |# 3L=35| = 0.89 0.62 2.29 6,51 10.66 33.05 | L.19 3.56
& § 2| - - 0.28 2.03 3.67 12.80 23.21 | 3,76 2.72
(BENTONG) |
# Average - 1071‘ 2.39 2071‘ 5087 15.82 n-53 B.T1 5-55




ums {".'1,' il
OBSERVED RUTILE NUMBER FREQUENCY FERCENTAGES

e i GRADE SIZE RANGE 0.351 to 0.062 mm.
SAMPLE NUMBER | + 4+ 4+ 4+ 4+ + = | ARTTH: MBAN | NOMINAL COEFFT
, 0.351 0,250 0,175 0,125 0.088 0,062 0.062 fmmmmr- ;
mm. mm. mm., mm, mm, mm, mm. |SAMPLE| FORMATION | SAMPLE|FORMATION
* | s % e 00% 0.18 o.qé gté“é %l% 0‘!‘6 g.sg 3066
4 - O - - t .21
i o a: $o (U ST e el s 080 | 012 0.1l
N . * Average| - 0.17 0.06 0.19 0.k7 0.88 080 1 1Al 008 0,34
% d 1| = '0.3% - 0.0 1,00 0,7k 2.00 | 0.53 0,35
"U‘Pm" ’ 29 A 0,2 O.Bh o.g 1 Qm 2.13 20m { 101 1 003
* ’ 31 - o.;h = 0- 0.6? lqll 0030 0. Onhs
(BENTONG) {-== : (oA :
* Average| - 0.3h 0,28 0.6L 1.16 1.32 1.43 0.75 0.61
» W | = = 0.3 1.30 2.22 2.75 1.1k | 1..32 T |
"LOFER® | # 51 | = 0.89 m% 0.70 L.l L.l 6.29 | 2.16 1,80
_l * ) ’ 13 - 0065 Oc 0.?9 l.hO 1052 1020 0091 lolo
b RAUB R
i‘ : # Average| - 0,51 O.bl 0.93 2.69 2.8l 2.88 1.L8 ! 1,54
o - - B I
I'J * # 15 - 0.1;8 0030 0028 2029 1‘-60 2.33 0.99 1008
ot YLONER" |# 3L-35| - 0.31 0.24 o.g 1.25 h.ﬁg 3.%2 1.35 I
d » ¥ AR - EEiel 0.5 80 (1240 2. 1.29 0.97
f (BENTONG)
‘ * Average| - 0.5 0.8 0.2 2.8 2.83 2,88 1.2 |08
) e e .
8
F

TABLE -
CALCULATED RELATIVE PROPORTIONS OF TOURMALINE = RUTILE - ZIRCON

S A Wﬁw&%mwmlmﬂm B A A S A0 A0 A 4 4 L R
SAMPLE NUMBER FREQUENCY PERGENTAGES RELATIVE PROPORTIONS
FOMMATION | NUMBER | TOURM: | RUTTLE | ZIRCON | TOTAL: | TOURW: | RUTILE | ZIRCON | TOTAL
# # 03 1.35 0.66 lia26 6.27 21.5 10.5 68.0 1 100,0
TRIASSIC | # 1% 0.99 0,21 2,82 L.02 2.6 2 70.2 | 100.0
* # 21 0.35 0.k +{ 1.8 2.29 15,3 6.1 l 78,6 100.0
(LIFIs) | Gl Sl e M _____~__.#___,_.__--
* hvt .89 | 0.3 | 2.9 | hay | 20,5 | 7.3 | 723 | 100.
* e e i e e e 78 —
» $2f | 033 | 035 | 2.98 | 3.66 9.0 | 9.6 | ELL | 100.0
wupPER® | #29 | 0.8 | 1.03 | L.65 | .5k | 13.2 | 257 | 7.1 | 100.0
* # 31 0,58 0.L5 3.80 k.83 2.0 | 9.3 | 78.7 | 100,0
(BENTONG) |- ! | 4 il -
* Av: 0.59 | 0.61 3.81 A LR T 1 O
o #ub | 2.85 | 171 | 1.9 64T 2 | 26 | 29.8 |.100,0
"LOWER" I 3.3? 1.80 1.98 @.35 18,2 19.2 | k2.6 | 100.0
( " ) # 13 9.89 1.10 h.69 | 17.68 55.9 | 62 || 319 | 100.0
RAUB - = . | e
w Av: Subly | 1.8 | Ly | 1.7 | k6. } 17.3 E 36,7 | 100
“ 4 3% | 11,48 | 21.08 | 10.37 | 22.90 | 50.0 | k.7 | 5.3 | 100.0
"LONER" -as 648 | 1.0 | 3.5 | 111 | 583 | 9.9 \ 32.0 | 100.0
» # L2 1.h7 0.97 2,72 | £.16 28,5 | 1B.8 62.7 100,0
BENTONG) el S e A . T e ) SRt AR SN i
( “ [T e 6. 1i6 1.05 5,58 ‘L 13.06 l BE.E | L1 | k3.3 l 99,9




CALCULATED TOURMALINE/ZIRCON VOLUME FREQUENCY RATIOS

GRADE STIZE

RANGE 0.351 to 0.062 mm.

4+ + +* + + * - ARITHs MEAN NOMINAL COEFFT
0.351 0.250 0,175 0.125 0,088 0,062 0,062 : B
mm. mm. mm. mm., . mm, |SAMPLE | FORMATION| SAMPLE | FORMATION
-, Q‘t” 6)63 °¢39 0038 0-21 0005 8 O.ag
- 0,33 0,67 0,12 0.50 0.61 0,15 \ 0.
- ‘OQEE °t33 0029 0035 0-25 0019 2§ < 0028
- <0.26 0.8k 0.27 0.2 0.36 0.13 0,37 0,35
- 0025 0025 00& 003 Onw 0. 26 Oe 28
ot 0033 0.50 0021 0. 0.08 0.02 0-25 O.”
- 0,30 0,42 0.29 0.09 0.04 0.2L 0.29
- 51,00 3.00 2.00 1.75 1,07 0.04 |*1.76 [>1.75
- 1,00 »3.00 ﬁ.h) 0.7 0.02 | *1.67 *1.99
— 1.61 3050 027 109“ 0. 0.23 2.&2 2.26
- "1020 '3017 3.23 loh'r 0069 0010 "1.95 2,00
# 15 — R - 2 e .07 2.19 0.53 0.1) | 1.72 1.67
# 3=35| - 2.80 7.88 7.50 1.72 0.k3 0.06 | h.07 .32
# 2| - - 3,00 1,13 0.6 0.16 0.03 | 0.99 1.24
Average| ~ 1.47 L.02 3.90 1.52 0.07 2.26 241




TABLE = .
CALCULATED TOURMALINE/RUTTLE VOLUME FREQUENCY RATIOS

. Wmmm««mmmmﬂﬂ PEEE ST RS S S n Sl i
GRADE SIZE RANGE 0.351 to 0.062 mm.
SAMPLE NUMBER 4 4 4 4 4 4 = | ARTTH: MEAN | WOMINAL COEFFT:
00351 Oazm 00179 0.125 0.088 0.%2 0.“2
mi, mm. mm. mWm. Wn. .. mm. | SAMPLE| FORMATION | SAMFLE | FORMATION
. Y-
* # 03| = 6.00 5.00 2,33 1.67 1.13 2.00 | 3.23 3.08
TRIASSIC | # 19 | - 3.00 >2.00 »>2,00 5.00 2.80 L.75 (~2.96 >3.08
3 # 21 - - 31.00 »2.00 1. 2.00 2.50 "1.30 "'1.026
(LIFIS) .
* Average| = ~3.00 »2,67 »2.11 2.72 1.98 3.08 ~2.50 >2.47
ST # 27| - 1.0051.00 0.50 0.40 1.00 0.33 |>0.78 +0,85
"UPPE!" ’ 29 w7t 1000 0050 2.m o-m‘ ngn 1.00 6193 0.98
* 31 - 1.00 >1.,00 1,00 1.33 1-33 2.00 ’1013 ‘]..07i
(BENTONG ) , : : ‘
‘ Am - lim >0.83 1‘17 0072 1.01 1.11 ‘0095 l "0-97
!
* W 1.511‘ - >1.00 3.00 1.60 1.75 1.h5 0.50 [>1.76 -1.751
"LONER" | # - 1.00 3,00 B.00 0.85 0.71 Q.18 | 2.73 3.93 |
(R:UB) 4 13| - 14.00 21,00 15.67 L.h3 7.L0 5,33 |12.50 110'9°L
» Average| - »5.33 9.00 8,42 2.3k 3.19 2.00 »E.66 _L | ~5.53
" # 15 | - 114.50 24,00 43.00 7.13 B.00 1,86 |19.33 |18.26 |
WLOWER® | # 3-35| - 10.00 10,25 26.25 10.17 1.89 0,7 [11.71 113.35 |
+#* # hz - <l.00 *3-@ h.;o 0077 0083 >0025 »'"2.02 ‘2050 |
(BENTONG) frmemem et e
* Average| - <B.50 12,42 24.58 6.02 3.57 *0.95 1.02 | 1 11,37
TABLE .
CALCULATED RUTILE/ZIRCON VOLUME FREQUENCY RATIOS
HHH SRR :::‘::::::::t‘:‘;%#’::‘:!‘.::::::::::‘:2:!:--:—:"%‘& :::::%%ﬂ%ﬁ:%ﬁwﬁ—wwﬂ“ﬁlmﬂ
GRADE SIZE RANGE 0.351 to 0.062 mm
SAMPLE NUMBER - + + + - + - ARTTH: MEAN —T-_NONI}IAL COEFFT1
0.351 0,250 0.175 0.125 0,088 0,062 0,062 ;
Wi, mm. mm. ®=m, Wm. mm. @m. |SAMPLE FORMATION| smmlemmnmz
% # 03| - 0,05 0.13 0,17 0.23 0,19 0,02 | 0.15 0.16 |
TRIASSIC | # 19 = 0,11 <0.,33 0,06 0.10 0.22 0.02 |<0.16 “0.15 |
» 4 21| = <0.1k %0.33 <0.1} 0.25 0,13 0,07 |<0.20 | <0,19
(LIPIS) et L A e e
i A“r.@ ‘ '(Ollo <0.26 “0'12 ﬁ019 0.18 0.0h '10.17 \0017
* # 27| - 0.33 <0.50 0,12 0.09 0.05 0.0k |<0.22 T Je0en
MIPPER" | # 29 | - 0.25 0.50 0.30 0.20 0,16 0,09 | 0.28 0.30 |
# # 31| - 0.33 <0.50 0.21 0,10 0.06 0,01 |<0.2l 1<0.29
(BENTONG) + WESIR L -
# Average| - 0,30 «0,50 0.21 0,13 0.09 0.05 «0,25 0.20
* $ M| = = 1400 1,26 1.00. 0.73 0.07 | 0.80 | T o.93
"LOWERM # 51 | - »>1.00 1,00 0,43 0.80 0,31 0.26 [>0.T1 »0.61
» § 13 | - 0,12 0.17 0.27 0.hi 0,10 0.04 | 0.22 0.23
(RAUB) ‘ i 3
# Average| - >0.37 »0.72 0.65 0.7% 0.38 0.12 | |~0.58 »0.59
a 4 15 | - 0.1 0.05 0.07 0.31 0.07 0,06  0.12 | 0.12
"LOWER® |# 34=35| ~ 0.60 0.75 0.29 0.19 0.35 0.15 | 0.43 | 0.L6
» 4 W2 | - 1.00 1.00 0.25 0.82 0.1 0,12 | 0.65 | 0.66
(BENTONG) | - ~1 e
. Average| - 0.587 0.60 n,20 oO.hh 0,20 ©€.11 | | 040 - | 0.41
o = g |




(11)

Thesg would be reduced to orders of + 1} grains in 10 (¥ 23 percent)
and = 7% grains in 100 (T 7 percent) respectively for total counts of
not less than 1000 in each ease.

Calculated overall nominasl weight freguency distribution sccording
to colour and roundness variation for each individual sample as well as
formational averages, computed from the corresponding observed number
frequency distribution for grade sizes between 0,351 mm and 0,062 mm
diameter, are shown in tables 244 and 25 respectively. These figures
have been compiled by am.t.n? the respective products of corresponding
number (= volume) frequency (tebles 18-22) end grade weight percentage
(table 6), and dividing the total so obtained for each sample by
the corresponding total weight percentage within the chosen range of
grade sizes.

Tables 26-28 show the total number frequency percentages of
tourmaline, zircon, and rutile, as observed respectively for each
grade size, together with a compilation of arithmetic means as well
as nominal coefficients of number freguency for each sample and
formation average over the total range of sizes between 0.351 mm and
0,062 mme The arithmetic means have been computed by adding the
observed figures for each of the grade sizes +0.,250 mm, +0.175 mm,
+0.125 mm, +0.088 mm, and +0.062 mm, and dividing each sum total by
five. The nominal coefficients, in contrast, have been determined
by summing the respective products of corresponding grade size number
frequency and graede weight percentege (table 6), and dividing the
total so obtained for each sample by the corresponding total weight
percentage within the same range of grade slzes.

It will be noticed from tables 26-28 that, while no very marked
distinction between different samples are displayed by the frequency
figures for zircon, samples numbered 03, 19, 21, 27, 29, 31, usually
have frequencies of less than 1% percent for tourmaline and less than
1 percent for rutile, while semples numbered LL, 51, 13, 15, 3L4-5, L2,
usually have figures higher than these amounts. This noticeable
feature quite naturally leads to comparisons between the various
minerals, and further observations show that, while tourmaline ie less
common than szircon for samples 03, 19, 21, 27, 29, 31, touwrmaline is
more common then zircon in the case of samples Lk, 51, 13, 15, 34=5,
42, in all except the finest grade sizes. The relative proportions of
tourmaline-rutile-zircon shown in table 29 have been computed from
the nominal frequency coefficients for each of these minerals within
the reange 0.351 mm to 0.062 mm, These undoubtedly serve to bring
out the distinctions between the two series of samples even more
markedly.

The next step leads, again quite naturally, to the compilation
of calculated volume frequency ratios instead of number freguencies.
The resulting figures are displayed in tables 30~32 for each grade
size of each sample and formation average. As in the case of the
observed number frequency percentages, overall srithmetic means and
nominal coefficients of volume frequency ratio within the range of
siges between 04351 mm and 0,062 nm were aleo determined from the
corresponding grade size figures, and in a similar manner, The
comparisons are quite striking in the case of the tourmaline/zircon
ratio, especially if plotted on a logarithmic scale.

Having successfully found a formula for distinction on the basis
of relative frequency, the idea of comparative ratio was developed
and extended to the consideration of colour variations and degreea of
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TABLE -

CALCULATED TOURMALINE OOLOUR RATIOS
£ A e B i i T Bl it e TR ST R R R T SR R R TR R L e s
ORADE SIZE RANGE 0.351 to 0.062 mm.
SAMPLE NUMBER + 4+ 4 % 4 - | ARITH: WEAN | NOMINAL COEFFT:
0,351 0,250 0.175 0,125 0.088 0,062 0,062 r
mm. mm. TW.  mm.  mm.  mm. mm. | SAMPLE FomuA"Ior.lsmmLL\“o ATION
* g0 e A - A - | 0.06 lo.oh
TRIASSIC | # 19 - - - - 0.25 0.08 0,19 | 0.07 10.08
* # 2 = = - R = - B - s
(LIPIS) ; :
#* Average| -~ - - - 0.08 0.12 0.15 0.0 | 0.0k
* W paal B R USRSl et | 6,20 | 0.0
"UPPER" | # 29 | - - - - - - - - | -
#* F 31 - - - - - 0,33 - 0,07 | 0.03
(BENTONG) -t -
® Average| = - - - = Qulhs - 0.09 | 0,02
* # by | - »1,00 2.00 1,00 1.33 1.67 1.00 [>1.L0 151,00
NLONERY # 51 - »1,00 ~ 0433 0,70 0,67 »1.00 |>0.54 =0, 54
* # 13 | = 0,31 1.33 0.52 0.1 0.54 0.45 | 0.62 0455
{rAUB) a
% Average| = 20,77 1,11 0.62 0,81 0,96 »0,82 »0.88 »0.83
® # 15 | - 0.26 0,25 0,39 0.8) 6.52 0.63 | 0.LS 0.47
"LOWER" |# 3L=35| - 0,69 0.8 1,08 0.52 0.L5 0,67 | 0.6 0,68 |
#* # L2 - - 0,50 0.29 0,75 0.25 = 0436 0.36 |
(BENTONG )
# Average| - 0,32 0.3 0,59 0.70 0.41 0.43 0,48 0,50
TABLE = .
CALCULATED 2IRCON COLOUR RATIOS
HHAHRHHHEHHHHS R AR RS EEHHEHESEE S EHEHREHAHH SRR HHRHHHS “““:""huun‘.ﬂ:‘.‘\;:ﬁkn:ﬂ%’p SN
GRADE SIZE wc»«o.BSltoOOﬁ
SANPLE NUMBER s 4+ 3 4+ - | ARYTH: MEAN | NOMINAL COEFFT:
: 0.381 0,250 0,175 0.125% 0,088 0,062 0,062
mm, mm, .mm. M. WM. MM, W, |SAMPLE|FORMATION |SAMPLE |[FORMATION
#* F03 | = 0,058 - - 0,08 0,05 0.03 | 0.04 0.04
mrassIc | # 19| - - » =~ 021 0,05 = | 0,03 0.04
* # 22 - 017 - 017 0.33 - - | 0,13 0.16
(LIPI1S)
" Average| - 0.07 - 0.06 0,17 0.03 0.00 0.07 0.08
x # 27| - 0.0 - 0413 0.8 0,07 0,06 | 0.18 0,22
WOIPPER! # 29 - 0.33 0.33 - 0,6 0,10 0.05 | 0.18 0,19
* # 3| = - - 0,77 0.26 0.06 =~ | 0,22 0,22
(RENTONG) - - s ——-
n Average| - 0,28 0,11 0,30 0,20 0.08 0,04 0.19 0.21
» ' - - - - - - - - -
HLONER! /] - - - - 0.04 - - 0.01 0.01
(*UB) # 13| - - - 0,10 0., 0,02 0,03 | 0,09 0,06
RA . gt - a —
» Average| -~ - - 0.03 0,06 0.01 0.02 0.03 0.02
3 # 15 - — e 0017 0-13 0.0 g 0-07 0'07
YLOER" |4 =35 =~ - - 0.21 0,13 0,0 0,02 | 0.08 0.07
# y h2| - - - 0,31 0,10 0,07 0.03 | 0.10 0.12
(BENTONG ) .
™ Average| = - -  0.24 0.2 0,05 0.02 0.08 0,09




TABLE

-

CALCULATED TOURMALINE ROUNDNESS

RATIOS

B L b L L B B L TR R RS R (R TR RO R R VR Te
GRADE SIZE RANGE 0.351 to 0.062 mm
SANPLE NUMEER 3 + + + + > - ARTTH: MEAN NOMTMAL COEFFT!
0.351 0,250 0,175 0.125 0,088 0.062 0.062
mm, Tm. Mm. M. WM. mm. . | SAMPLE FOH_MA’I’ION smmw FORMATION
# # 03| = 0.5 0.67 1.25 0.25 0.50 0.13 | 0.63 0.69 |
TRTASSIC | # 19 - O.SO 0.50 1,00 0.75 0.38 0.32 | 0,63 0.69
" # 21| = <1.,00 0,50 1.50 <0.33 <011 |<0,67 <0, 85
(LIPIS) A s
# Average| = 0,33 <0.72 0.92 0.83 <0.40 <0.19 <0.6k <0, Th
3 " 27 = "1000 <1.00 <1.00 1.00 1.00 "0.33 <1.,00 “l.C‘O
"UPPER" # 29 | = <1.00 <1.00 0.75 L.00O 0.20 1.00 [<1.39 <1.28
e # 31 - 1,00 »1.00 2.00 3.00 L.00 <0.33 |»2.20 >1.76
(BENTONG)
- Average T -ﬁ'laOO <l.00 "1125 2.6? 1-73 <0-55 41.53 (1-31{
™ # Lk | = >2.00 sL.00 11.00 1,6L 2.29 2,00 [»L,19 | »1;.65
"LOYERM # 51 | = 2,00 3,00 2,27 12.00 1.60 »1,00 |+L.17 >3,13 |
i 4 13 = 170 h80 1,91 1.93 1.2h 0,75 | 2.92 2.0 |
(RAUB-X) ‘
¥ Average| - >2,90 33,93 5.06 5,19 1.71 51,25 +3.76 | 53,39
J, _________
"LDWER" f 313-35 - 5.00 ll 60 ?.99 2.86 b.EO 3000 6.33 6'79
o * !.1,2 — "hooo 5.00 3.50 0.75 1.00 32.65 ,"3013 l
(BENTONG) 1‘_ 1
W :’Wel'lge - 3'00 *5.81‘ 5.37 3-21 Etlh 1.9’4 | “'3'91 | 7'11-91
TABLE - - .
CALCULATED ZIRCON ROUNDNESS RATIOS
970 ﬁﬁwmum SR HEH RS ERRSHEESE R RS E S AESEE F EESUER IREE
GRADE SIZE RANGE 0.351 to 0.062 mm.
SAMPLE NUMBER + + + + + + - ARTTH: MEAN NOMINAL COEFFT:
0.351 0.250 0,175 0.125 0,088 0.062 0.062
mm. MWm. mm. WM. WM. Mm.  mm. | SAMPLE | FORMATION| SAMPLE | FORMATION
* # 03| - 0.38 0,38 0,19 0,42 0.27 0.41 | 0.33 0.31
TRIASSIC 19 = 0,20 <0,25 o.&‘r 0,17 0.43 0.50 [<0.30 <0,31
% 21| - 0,38 0,33 57 1,20 0.33 0,32 | 0.56 0.61
(LIPIS) : : -
#* Average| = 0432 <0,32 0.1 0.60 0.34 0.4l <0,440 <Q.l1
W% # 27 | = 1.00 <0.50 0.53 0,84 0.93 0.55 |<0,76 «0.73
"UPPER” # 29 P 0'67 0067 0.56 1‘35 100 1.21 0.86 0!80
( it # n - <0¢2S 0.50 0.21 1.29 0. 0.61 <.0-62 <0uh7
BENTONG
* ) Aver&ge - (Gcéh (0.56 0.h3 1116 0.9h 0'79 '{0.75 <0-67
#* # Wy | - - .00 L4.00 2.20 1.86 1.6l [>1.61 ~2,28
"LONER" | # 51| = = = 1.67 5.60 3.22 1.79 | 2.19 1.97
#* ’ 13 - 1.27 1.00 0.75 1.86 Le 1032 1'30 1. 37
(RAUB) | erage| — 0.2 >0.67 2.1 3.22 2,40 1.58 1.7 -1.87
iR R e T
'm' = - ) - - - - - -
( * ) M — - >2,00 2.33 1.80 1005 1.19 ’101&1‘ 1,60
BENTONG) +
#* Average - >0.42 1.09 103’4 TaT5 1-53 1.36 >1.23 >1.27
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TABLE -~

= ,/ZIRCON COLOUR RATIOS

AT A 403 EERSHHRRRH S HEHREHIE R R e RIS 0 S S
CRADE SIZE RANGE 0,351 to 0.062 mm.
SAMPLE NUMBER L + + B oaE ARTTH: MEAN | NOMINAL COEFFT:
0.351 0,250 0,175 0,125 0.088 0.062 0.062
mm. @M, mm, mm. mm, mm.  mm. | SAMPLE |[FORMATION| SAMPLE | FORMATION
* Cap R L T R T R 0.90
TRIASSIC # 19 e 3 . - 2!25 1-69 h6-50 0079 0,90
M # 21| - - - - - - 6,25 - -
(LIPIS) |omme—— -
# Averapge| - - - =  R.05 2.521%.58 0.65 0.60
# # g; - - - o - YRR <Py 0,58
"UPPER" | # 2§ - - - - - - - - -
# # 31| =~ - - - - SJi = | 1.09 0.54
(BENTONG) ' ;
3t Average| - - - - - 637 - 127 0. 37
# 4 L | = »1.00 >2.00 >}4.00 16,00 25.00 56.00 |>9.60 12,33
NLONERM # 51 - .00 - 2,33 16.10 30,67 L3.00 |10.02 >B.88
™ ¥ 1 - >8,13 »8.00 5.20 2.86 25.46 15.23 |>9.93 11.121
(RAUB) e : : ‘
® # 15 | = k.70 »5.25 2.32 6.43 15.19 7L.88 |>6.78 »Tolils
"TONER" | # 3L-35| - 1,46 0,65 9,05 5,40 12,16 L1.50 |»5.75 5,5l
W # hg - - >0.50 0:.86 7-50 3075 s )2052 >1093
(EENTONG ) - , .
# Average - »2,05 2,13 L.08 A4k 10,37 37.79 %5,02 l >l 97
TABLE - .
CALCULATED TOURMALINE/ZIRCON ROUNDNESS RATIOS
404090 2003 S HAE I IR I R R U T R AL B s R BR BB R B R B B n‘#:m:rrrmr;':w«mmwwwwmw
GRADE SIZE RANGE 0.351 to 0.062 mm.
SAMFLE NUMBERS + + + + * + - ARTTH: MEAN NONTNAL COEFFT:
0.351 0.250 0,175 0.125 0.088 0,062 0,062
mm, mm.., mm. M. @©m. mm, mm. |SAMPLE [FORMATION |SAMPLE |FORMATION
¥* 03 - 1!31 1-75 6-56 0.60 1.83 0031 2.)43 2-89
TRIASSIC 19 - 2,80 v2,00 2,1 L.SO 0,90 0,63 [>2.Md 2,61
# # 21 - <267 <3.,00 0.88 1.25 .00 <0:35 |<1.76 = T
(LIPIS) --
#* Average| -~ <2.16 2.26 13.19 2.12 <1.26 <0.43 2,22 2,140
* # 27| = <1.00 <2.00 <1.88 1,19 1,07 <0,51 [<1.h3 <1.52
"OPPER® | # 29 | - <1.50 <1.50 1.35 2.97 0.19 0.82 [<1.50 1,149
# 4 31 - 31,00 2,00 0,50 2,32 L.63 <0.55 [>h.L9 sl 77
(BENTONG) ——
#* Average| - <217 1.83 <L.2h 2.16 1.96 <0.66 <247 <2.59
#* F hli | = 2.00 ~L.00 2,75 0.7k 1.23 1.22 |~2.1 ~1:95M\ i
WLOWER" # 51 - =2,00 »3,00 1036 2.12 O-hB "0-56 >1-78 "1.5}4 {
3 # 13 - 3«71 L.B0 2.55 1.0 0.75 0.57 | 2.57 2,06 |
{RAUB) o
# Average| - >2.57 =3.93 2.22 1.30 o.&o >0.78 =2,16 =184
¥ § 15 | -  £.00 3.18 5,09 2.40 0.89 1.61 | 3.51 3,36
PLONER" |# 3435 = 2h.25 15,80 7.4 1.h2 2.22 1.6l [10.23 11.3k
“ ¢ L2 - - +3.00 2.1k 1.9% 0.72 0.84 [*1.36 1,53
(zENTONG) |- = =
# Average| - 10,08 »6.99 L.Be 1,92 1,28 1,36 +5,03 | >S.1d
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roundness displayed by both tourmaline snd zircomn. For determining
colour ratio, the total number frequency of predominantly blue to
greenish varietiee was compared with that for predominantly pink to
yellow-brown and colourless types. In the case of tourmaline this
ies simply the ratio of the last two verietice to the firast three
ligted in tables 16-23, In the case of zircon it is the ratio of
the mauve-pink verietice to colourless and plain pinkish or dusky
varicties. The respective colour ratioe are compiled in tables
33=3l4 for each grade size of each sample and formation average.
Arithmetic mesns and nominal coefficients have also been determined
from these by a proceas similar to that employed in the case of the
volume ratios.

During the optical examination of each slide, each grain of
tourmaline and zircon counted wae classified, not only according
to colour tone, but also whether euhedral and angular, sub-angular,
sub-rounded, or rounded, Roundness ratios, as shown in tebles 35-36,
were computed for each grade size of each sample by taking the
appropriate number frequency of sub-rounded mineral added to twice
the value for rounded mineral, and dividing the total by the sum of
sub-angular frequency plus twice the value of angular freguency.
The same principle was followed both in the case of tourmaline and
of zircon. Aes with the previous tebles overall arithmetic meens
and nominal coefficlents within the range of sigzes between 0,351 mm
and 0.062 mm were also determined from the grade size figures, and by
a similer process.

Other tables were compiled for tourmaline/zircon colour ratios
and roundness ratlios. The former are displayed in table 37 and are
purely nominal: the latter, on the other hand, are given in table 38
and serve to indicote the relative degree of wearing of the two
minerals in the different samples and formations,

It must be borne in mind that all the dete obtained is for
partially weathered, but still coherent, quartzites which have been
crushed, not unconsolidated sands. In the coarser siszes, therefore,
the resulte have tended to be slightly vitiated by the state of
imperfect disaggregation inevitable with such meterial. Furthermore,
in the finecet sizes, the under 230-mesh fraction is manifestly
com%naed of more than one grede size. Instead of being all between
0,062 and 0,044 mm in diemeter, as it should be for proper statistical
comparison, it aleo contains greins between 0,044 and 0,031 mm,
and even less than 0,031 mm in size. These are the reasons for
eliminating the over 0.351 mm and under 0,062 mm prade sizes from the
calculations of overall arithmetic means and nominal coefficlentse in
the present instance., The difficulty could be overcome in future
vork by ueing one extra sieve or better, probably, Ey utilizing an
infrasizer. -

Another factor tending to distort the ratios calculated so far
is the effect of sorting during original deposition. An attempt to
eliminate thie effect has been rmade by estimating the hydrsulic
equivalent sizes of the minerals, and by calculsting the hydraulic
ratios for formation averages. hittenhouse (1943, 1944) has defined
the hydrsulic ratio of a heavy mineral as:

weight of heavy mineral in a given range of sizes

x 100
welght of light minerals of hydraulic equivalent eize
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Fow the weight of heavy mineral in sny grade size is equal to
the weight frequency in the grade concentrate, multiplied by the
weight of concentrate expressed as a fraction of the original
sample, multiplied by the weight of the sample., Unfortunately the
true mineral weight frequency in each grade size is not known, only
the corresponding number frequency, which is approximately egual to the
volume frequency. The mineral weight freguency may be calculated,
however, by multiplying the mineral volume fregquency in the grade
concentrate, and the ratio of the specific gravity of the mineral to
the average specific gravity of the grade concentrate. Om the other
hand, the weight of light minerals of hydraulic equivalent size is
approximately equal to the correaponding mechanical snalysis weight
fraction of the originel sample (mainly quertz). Ve can therefore
derive the formula for hydraulic retio as approximately egual to:z

number frequency ¢ x mineral epecific gravity

100 x average specific gravity of grade concentrate
weight of grade concentrate expressed as % of original sample
_ 100
=3 welght of or!.éiml sample x 100
HoEe S« mechanical analyelies welght % of original sample
- 100
+ wveight of original sample
This may be simplified as:
mineral no. freg. ¥ x grade conc. wte %
hydraulic equivalent size lights weight %
mineral specifiec gravity

X

*

* hydraulic ratio -~

AVe Bpe gre Of grade conce
Now tourmaline has a specific gravity of the order of 3.1,
rutile of 4.2, and zircon of 4.7, s0 that if we assume the average

specific gravity of the grade concentrate to be about 3,65 we obtain
specific gravity ratios as follows: :

for tourmaline; ki . 1% = (100 - 15) &

for r.r.ttue; g‘& ~ %a, = (100 + 15) «
for zircon; %a%.(1m+30)%

thus the respective hydraulic ratios are approximately:
for towrmaline; no. freq. % T x grade conc., wte %
hydraunlic equiv. oise lights wt. ¥«

lesa 15 9



TABLE

.

CALCULATED PRODUCTS OF TOURMALINE WNUMRER FREQUENCY PERCENTAGE
AND GRADE SIZE CONCENTRATE WEIGHT PERCENTAGE OF

(less 15% < TOURMALINE weight frequency percentage x 100) (units =1 x 1072)

MAIN SAMPLE

rl-!mﬁ‘.‘\n%n:::::ﬂ:‘r‘v‘;::‘::“::::::ﬁ‘:.::.‘::::!‘:‘-:::‘.";‘r wwwww D R a m . aia ez b T Tl i SR R L LR R Ll et T
QRADE S5IZE RANGE
under 0.500 mm.
SAMPLE  NUMBER + - - + + + -
0,351 0.250 0,175 0,125 0,088 0.062 0.062 TOTAL APPRX % RATIO
mm. TR . . . . . mm. PRODUCT WT:FREQ T/R WTS:
# 4 03 - 39,7 9.0 52,4 38.6 36,0 7. | 1831 1.56 2.04
'IRIASSIC # 19 = 1-9 2.0 2.5 5-6 6.0 21.7 39.7 0.3)4 ht?}
¥ $ < - G5 R8s 30 2.0 2.0 9.0 0,08 2,47
(LIPIS) -
# Average = 13.9 3.9 18,9 5.7 AT 10 77+l 0.66 3.08
i g 27 - 13.3 7.0 Beb 2.l 3.0 0.7 31.9 0.27 0.90
WUPPERM ¥ 29 - 0.8 1.3 L5 15 3,0 2.0 13.2 0.11 0.86
+* # 31 - 2.0 1.5 303 1-8 3.0 0.6 12.2 Ollo 1-3’4
(BENTONG )
* Average - Belt 33 ol 1.9 3.0 1.1 19.1 0,16 1.03
# ¢ b - 0.5 0.9 .2 7.8 8.0 0.6 22,0 0.19 1,58
"I.D‘-‘JER" # 51 — 0.9 O.El 11.3 1.9 3.0 o 17.9 0-15 1099
% § 13 - 27.5 20,6 6l.5 3.0 67.3 12,8 220.7 1,88 B.66
AR ras| = 96 Tk 257 138 263 b5 | 869 07k L.o8
> # 15 - 20,9 1l.§ 35.9 LB.9 5l.2 8.7 | 180.5 1,53 8.68
WLONER® | # 3l-35| - 175 8T B2 Wie2 15.6 -y 161.L 1.5L Ge2b
# # L2 - - i 1% A 1 P .0 L0 0.7 26.6 0.22 1.31
BENTONG , :
( W ) Average - 12.8 2.k LE3 3.0 23.6 LieO 129,2 1.10 5,08
TABLE .,
CALCULATED PRODUCTS OF RUTILE NUMBER FREQUENCY FERCENTAGE
AND ORADE SIZE CONCENTRATE WEIGHT PERCENTAGE OF WAIN SAMPLE
(plus 15§ = RUTILE weight frequency percentage x 100) (units =1 x 107)
Sl I T N o AT TP A4Sttt Sttt S
ORADE SIZE RANGEW
under DQSOO I &
SAMPLE  NUMEER + -+ + + + + - -
0,351 0,250 0.175 0,125 0,088 0.062 0,062 TOTAL APPRX § RATIO
®m,  ®m, mn. @me mm. mm. m. | PRODUCT WI:FREQ R/Z WIS:
* 4 03 = B8 BB 2Bk 2 RL 0 % 89.6 1,03  0.125
TRIASSIC | # 19 - 0.6 - - e 2ol hoz Bk 010 040l
¥* * 21 - = — - 200 1.0 0'8 3*8 00011 0-078
(LIPIS) - e -
* Average - 2alt 0.6 T+5 B8 11,7 3.0 _333 0,39 0.082
» 27 - 13. - 110 &0 Y 16,3 D40 0.107
wIPPERM ’ 29 - O 2.5 2.3 3.6 i 2.0 15.L 0.18 0.185
#* # 31 - 2'0 - 3-3 103 2-2 0.3 9.1 0.03 01089
(BENTONG) —-- e
#* Average | -~ S 08 5.5 3.6 3.1 Lk 19.9 Ne23  0.127
# # b - - B3 206 T ek I R S T 0,16  0.L59
J'LOWBR" ' ﬂ- o= °t9 O-3 lnh 2.2 402 - 9.’0 0010 0.h52
* §. 13 - 2 TN O G I 0 - TR F 25,5 D29 0.154
RATB - ~ e - -
* 15 - ;T R 20,8 0«2l 0.090
WLOWER" , 3h-35 - 1.9 1:2 3.2 5‘0 18.0 G.2 36 040 0-%
» ¥ L2 - 1.7 = PR G e 19,5 0.22  0.281
“ Average - 1.7 5 0.6 242 6.5 9'7 h&a Eh.? : 0.29 0.2014




TABLE .

TED PRODUCTS OF ZIRCON

FESQBENG! PIRGENTABB
SAMFLE

CALCULA NUMBER
AND ORADE SIZE CONCENTRATE WEIGHT PERCENTAGE
(plus 30% == ZIRCON weight frequency percentage x 100) (mrlt.a=1:10"3)

ESTIMATED AFPROXIMATE HYDRAULIC RATIOS - Based on two grade sizes.

(mineral weight frequency % x 100) 4+ (weight frequency g lights W,E.S.)

R bt b b b S B S A

oaanl s:z: RANGE
S _— under 0.500 mm.

SAMPLE  NUMBER + -

ObSSl 0.250 0.175 0.125 0.088 0,062 0.062 TOTAL APPRX & RATIO
mm, mm, mm, W, mm. mm, mm., | PRODUCT WT:FREQ 2/T WrS:
» # o8 | - 1%mh 16 I3k 100.6 172.0 162.5 | T16.5 t9pmL . 3.91
TRIASSIO ' 19 = 5.6 2.9 21'2 11.1 909 -? 192.[‘ 2.50 «85
(LI;IS) ' 21 L 11101 ] 147 6.2 ! 8.0 8.0 10.8 L8.8 D63 5.19
* Average | - 50,7 6. 53.9 39.9 63.3 105.0 | 319.2 L5 L.65
# g 21 - 39-& 13,9 93.5 70.8 68.2 167 | 329.5 Le28 - 10.33
"OPPER® ¥ 29 - 3.3 0 Ts 7.6 27.0 23,0 3.1 1,08 6,32
* ’ 31 - 6|1 300 15.6 12.9 3 os 2607 102, 8 1-311 ﬂ.h)
(BENTONG) —— :
* Average - 16.3 7.3 38.9 33.8 h306 32.1 171.9 2.23 Ev36
* # !d‘ - - 0‘3 2.1 l‘ h 7-5 16.0 3003 0.39 : 1.38
YLONER"® # 5l - - - 3. 2:7 13.9 - 19.9 0.26 1%
( " ) § 13 - 17.0 5.9 e 160 57«1  55.2 165.6 2.18 0:75
RAUB - . :
* Average - 57 2,1 BA. 7 A58 937 1.9 0494 1.08
# # 15 - 13.0 12.5 11-7 22-3 9600 7607 232.2 3.02 1.29
vpoweER® | # 3=35| -~ .3 3.1 16,0 26,0 L2.6  L9.6 | 126 1,85 0.79
# 4 L2 - - Lo 2652 9.2 ' 25.6 23.2 " 6%.5 0,90 212
(BENTONG) o R :
1+ Average | - 6.1 5.6 6 19.2  SheT L9.8 | 1hB.1 1.93 1.60
TABLE

LE.EiR . Ein s n nisisinls n i min a nia alniel)
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for rutile; no. freq. ¥ R x grade cone, wt. ¥
plus 15 %

hydraulic equiv. size lighte wt. %

for zircon; no. freq. ¥ Z x grade conc. wt,
plus 30 %

hydraulic equiv, size lights wt., &

The mineral number frequency (= volume frequency) percentages
are shown in tables 26-28, the grade size concentrates expressed as
weight percentages of original ssmples, in table 6; while figures for
their product are compiled in tables 39, LO, and 41, respectively for
tourmaline, rutile, and zircon. The weight percentagee by mechanical
enalysis of original sample (meinly qusartz) are given in table 2.

Approximate hydraulic egquivelent sizes were first estimated,
in the case of all samples from the "Lower" quartzites, by plotting
the average of the proportional products of number frequency
percentage, respectively for tourmaline, rutile, and zircon, and
the grade size concentrate expressed as mechanical analysis weight
~ percentage of total concentrate, These values are the ones shown in
figure 22, where they ere compared with the mechanical size analysis
weight percentage of the original sample, Idealized curves have been
dravn and these give an indicetion of hydresulic equivalent size
determined as 0.25 @§ for tourmaline, 0.8 @ for rutile, and 1.1 @ in
the cace of zircon. For the purposes of subsequent rough calculation,
therefore, the aulie equivalent eize for tourmeline was taken as
i 9 grade size), for rutile as 3¢ (11 grade sizes), and for zircon
as ¥ (2 grade sizes).

Rough hydrsulic ratios were then estimated by comparing, for each
formation average, the ratio of absolute mineral weight frequency for
tourmaline of halfl a grade sisze lese than the maximum grade size weight
percentage of light minerals (+ 0.125 mm) indicated by mechanical
analysis of the original sample. In the case of rutile, the sbesolute
mineral weight frequency for 1% grade sizes lese then (+ 0.125 mm) was
compared, and in the case of zircon, the corresponding frequency for
two grade aizes leas. ,

Actually, instead of computing the ratio of one grade size against
one hydraulic equivalent grede size, the corresponding grade size plus
half a grade size each side (1.e. two grade sizes) were taken in each
case for a more sccurate determination. Thus grade sizes i:i+ 0,175 nm),
(¢« 0125 mm), %(+ 0,088 mm), were taken for light minerals (quartz);
grade sizes (+ 0,125 mm), (+ 0.088 m;, for tourmeline;
grade sizes (+ 0.088 mm + 0,062 mm), for rutile;
grade sizes #(+ 0.088 ms. (+ 0.062 .ms, #{=~ 0,062 mm), for zircon.

The hydrauiic ratios so obtained, together with relative hydraulic
ratios for tourmeline/rutile, rutile/zircon, and tourmsline/zircon,
have been compiled for each formation average in table L2.

GRAPHICAL REPRESERTAT I0Ne

when all the statistical data had been compiled another object
of this paper was brought into effect by the incorporation of what are
believed to be a few new ideas, as well as adaptations of old ideas,
for the graphical representation of statistical data in connection
with heavy mineral studies.



FIGURE L4 - CHARTS SHOWING OBSERVED NUMBER FREQUENCY OOLOUR DISTHIBUTION

OURMALINE

TOURMALINE TOURMALINE
= N - AR
kg = = * 5 ey} | R ]
ji==] i =
yet tae] \ i L = :I . ‘» . -J A7 ‘\
Jis yel | 3 ' 7
o l o [ | | @idd)
I J i 41"
— biésh 4 ‘
e |
i ] S| | l
ZIRCON ZIRCON
_ ) ¢ L 0 1 (TS
-\ SR o2 o BRARAR < —1 LEE |
| o M oa )
H e e e e Corpsh biieleie s bowleduleie] 20 [ el e dlede oz
5] ] -
i TRIASSIO QUARTZITES - LIPIS et (B2) " wyepERv quARTZITES - BENTONG () f
(

TOURMALINTE

TOURMALINE

*
EF : i |
iy pink el EE T o
- oA i i T | pen N
i 5 ok e i e o e ~ |
e o QR i S A i géoel | —1- _—
i | Sl ed |
Read .l
N

o ZIRCO

N "y
foolonir P Celowr

% cotour| " X

'..‘;..4 Dsy ]

0P Sl 3 ¥ Kish]

k‘;‘ s Jriniiah Nor: £ e
masve W e (mave (}l
Pk [ : ) pink s
* » + 2 + = |y 3 - + - “ 4 -
Q3ey o o B8 [eSMslpast e 0 Y o I e IR S S B I 3 fodsr (odso (s 15 {28 (o Sd o der (0Ter
L2 G- o O o D082 |09 o 361 2. A
(&a ) 0 ol el I g e el i P e e el e i o {Be)

Av BV)
TOURMALINEI TOURMALINE'
= T - T TOURMALINE
p { [ | F:w NS ]
Y s =
o ey Ll g
Gl grotm eyl
h'&‘”‘ wgﬂ e
black “!ik_,_a_ bvs g
b ke
™~ Ll ]
Z e
7
ne na
w| T e w0 =
rolov| jeolonr
t Jpunkivn prnish) 4 .
prokishy o w:* prtash
S pat b
o o 3o o 350 o118 [aas [a3un [ aBez [oBer o [0 PP SN R ) I e oo
ey M S e N I ERE NN R v v o
(Cﬁ (C‘V) (DV) (DC)
"LOWER" QUARTZITES - RAUB "LOWER" QUARTZITES - BENTONG
TOURMALINE TOURMALINE TOURMALIRKE POURMALINE
g | Tl | oo
o e 1O P ] 5 R - S ot /
. AN A (7 ; :
ETM e B T Jot,d_ S e ﬁi;‘» ‘
o] | A 220 a1 N e
M}'m 278 \) 1 Ont 5 ""&"
bk o black i &
ZIRCOR ZIRCON
c.:;m N\ ateer RS i"‘:"ﬂ
prnishf Pora P.ns—a]
nw_;\'M G i AF ! ’:ij T ! = mauie
pink | 4 ik \ | ek
e i D e e s




FIGURE L(v) - CHARTS SHOWING NUMBER FREQUENCY COLOUR DISTRIBUTION

FORMATIONAL AVERAGES - based on grade sizes 0,351 mm to 0.062 mm.
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PIGURE 5 - CHARTS GSHOWING OBSERVED NUMBER FREQUENCY ROUNDNESS DISTRIBUTION
I
TOURMALIRNE TOURMALINE TOURMALIDNE TOURMALINE
el 10 , i ] | G 4 e §
i3 | R i Ew
- SoL A ] [
RCON ZIRCORN

e il |EDL X

o b GUAS s
frounsed| L o e X
rounced N ; e broumsed] o
ok oo o ey | [0 e o oyl il i wbchie] (B Pl e e e

Ab e) 51 vy Bo

J TRIASSIC QUARTZITES - LIPIS (hs) (2 "UPPER" QUARTZITES - BENTONG
TOURMALINE T URMALINE
TOURMALINE] fTOURMALINE
auby i b
i - pogoied
= o £ pe] |}
Lw“ —— J
ZIRCON H Z1IRCON
e T 6775

i ey 0 e Y

wh o ~h be
bincnond W proides 4
rounda] 1 L\wﬁ _

. - 4+ + - + - .l ‘l s - .+ + ‘,'
Fés o35 o0 18 o3 fnse o [oder T 31 bz fodselo s lois locaplesse o
(AE) A | | e, (Bc)

e (Bv) n —
URMALINE'I TOURMALINE
TOURMALINE = TOURMALINE
= G e ol sl
sob P
,': b "I/
LA : F L; 7 b
founcal
o]
hoguar e
b _17 i o ob
fongoir| P b oogulan
b sub
= | R

N A e+ [ * - + - sy
'5'4 R RO I O R W Jezes k. oy R0 (oA [Paet oga8 ades |azas °.§.’.'t,~_.._3’ﬁ°.ﬁ?. °..1?..? o:008) e S zz i e o [ b daelsteelomes
o . (ov) (ov) : (D)

"LOWER" QUARTZITES - RAUB "LOWER" QUARTZITES ~ BENTONG
TOURMALINE TOURMALINE TOURMALINE TOURMALINE
& ol i N s £ [«'
wh sub oo wh f
iy il 7,
i - 3
21

= = R
v v i
ol o [ Mz
S i [adsatisoleskm 3ot a2 T3 "g; o351 o Saalo s g:z‘sb;gq oske ooz

(Ce)




FIGURE 5(v) - CHARTS SHOWING NUMBER FREQUENCY ROUNDNESS DISTRIBUTION

FORMATIONAL AVERAGES - based on grade sizee 0.351 mm to 0.062 mm.
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FIOURE 6.
COMPARATIVE CHART OF CALCULATED WEIONT FREQUENCY DISTRIBUTION - Size limits 0.351-0,062 mm.
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FrOURE 7. ‘ :
COMPARATIVE CHART OF CALCULATED WEIONT PREQUENCY DISTRIBUTION - Sise limits 0.351-0.062 mm.
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FIGURE 8 - WEIGHT FREQUENCY DISTRIBUTION CHARTS

INDIVIDUAL SAMPLES ~ Ybased on grade sizes 0.351 mm. to 0.062 mm.
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FIGURE 9 =~

WEIGHT FREQUENCY DISTRIBUTION CHARTS

INDIVIDUAL SAMPLES - based On grade sizes 0.351 mm. to 0.062 mm.
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FIGURE 10

FORMAT IONAL

AVERAGES
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FIGURE 11.

HISTOGRAMS SHOWING COMPARATIVE AVERAGE TOURMALINE COLOUR DISTRIBUTION
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FIGURE 12.

HISTOGRAMS SHOWING COMPARATIVE AVERAGE ZIRCON ROUNDNESS DISTRIBUTION
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PIGURE 13.

TRILINEAR DIAGRAM
SHOWING COMPARATIVE VARIATIONS OF
RELATIVE PROPORTIONS OF TOURMALINE-RUTILE-ZIRCON.
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FIGURE 14.

POLAR DIAGRAM
VARIATIONS OF

SHOWING COMPARATIVE INDIVIDUAL
TOURMALINE/ZIRCON VOLUME RATIO WITH GRADE SIZE.
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FIGURE 15.

POLAR DIAGRAM
SHOWING COMPARATIVE INDIVIDUAL VARIATIONS OF
TOURMALINE COLOUR RATIO WITH GRADE SIZE.



GRADE S1Z€
0-175 Q250

mm Q062 0-088 0125 Q.351

FIGURE 16.

POLAR DIAGRAM
SHOWING COMPARATIVE INDIVIDUAL VARIATIONS OF
ZIRCON ROUNDNESS RATIO WITH GRADE SIZE.



FIOURE 17,

DIAGRAME SHOWING VARIATION CHARAGTRRIBTION WITH ORADE AT4E FOR FORMATIONAL AVERAGESD.
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FIOURE 18,

VARIATION DIAGEAMS SHOWING OOMPARATIVE OOEFFIOIENTS POR INDIVIDUAL SAMPLES.
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FIGURE 19.

SCATTER DIAGRAMS SHOWING COMPARATIVE COEFFICIENTE OF NUMBER FREQUENCY,
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FIGURE 20,

SCATTER DIAGRAMS SHOWING COMPARATIVE COEFFICIENTS OF COLOUR RATIO,
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FIGURE &1,

SOATTER DIAGRAME SHOWING COMPARATIVE COEFFICIENTS OF ROUNDNESS RATIO.
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Flgures L4 and 4(v) are charts showing the obeerved number
frequency colour distribution acecording to grade size for individual
samples and for formationel averages: in effect they represent
contour diagrams of number frequency density. Figures 5 and 5(v)
likewise present a picture of observed number frequency distribution
according to degree of roundness and grade size., Similarities and
irregularities of distribution are at once apparent in all cases,

Figures 8 and 9 display the figures of calculated nominal weight
‘frequency distribution according to colour and roundness, for the
range 0,0351 mm to 0.062 mm, as compiled for individual samples in
table 244 and displayed in roughly comparative chert form in figure 6.
Figure 10 likewise shows similar figures calculated for formational
averages, as compiled in table 25 and displayed in roughly
comparative chart form in figure 7.

Figures 11 and 12 are histograms showing, respectively,
comparative formational average tourmaline colour distribution,
and zircon roundness distribution. "

Figuare 13 is a trilinear co-ordinate scatter diagram, displaying
variations of the overall relative proportions of tourmaline, rutile,
end zircon, for the range of grade sizes between 0,351 mm and 0.062 mm;
as compiled in table 29 for individual samples.

Pigures 14~16 are polar diagrams showing comparative individual
variations with grade size of, respectively, tourmaline/sircon volume
ratio, tourmaline colour ratio, and zirecon roundness ratio. In each
case the engular arc represents the amount of the charecteristic being
compared, and the polar redius the corresponding grade size, This
device immediately makes evident similaritiea between individual
samples of the Triassic and "Upper" gquartzites, and corresponding
diesimilarities from those of the "Lower" tzitea,

FPigure 17 is a diagram showing the variation characteristics
with grade size for formational averages, Host of these are plotted
on a logarithmic scale, serving to emphasize the similarities between
the Triassic and the "Upper" quartszites, and their distinetion from
the "Lower" gquartsites, Insets (a), (b), and (¢), represent the
frequency veriations; (d), (e), and (f), the colour variations;
and (g), (h), and (d, the roundness variations., Figure 18 provides
a series of variation dilagrams showing the comparative calculated
coefficients over the range 0.351 mm to 0,062 mm for individual samples:

for mineral number frequencies as given in tebles 26-27
for tourmaline/sircon volume ratios ae given in table 36 3
for mineral colour ratios as given in tables 33-34
for towrmaline/zircon colour ratioe as glven in table 37;
for mineral roundness ratios as givem in tables 55-33{
for tourmaline/zircon roundness ratios as given in table 38.

Figurea 1921 are scatter disgrams showing the relations between
the various calculated coefficients for, respectively, number frequency,
colour ratio, and roundness ratiec. Again they are plotted mostly on a
logarithm scale to indicate, even more strikingly, the linkage between
the Trisssic and "Upper" guartsites, and their corresponding distinction
‘f'rom "Lower™ quartzites.

Figure 22 ud a proportional mineral weight frequency diagram,
based on mireral number frequency and weight of grade size concentrate
expressed as a percentage of totel concentrate., It silman an idealized

HoROUD
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relation of mineral welght frequency to grade size for the average

"lLower" quartzites, and serves to indicate the hydraulic equivalent

. sizes for tourmaline, rutile, and zircon. The values for these agree
tolerably well with those determined by Rittenhouse (1944) for river

sands, If anything, it would appear that the separation is rether

more pronounced for the conditions wnder which the originel snnds

now forming these quartzites were first laid down.

Figure 23 is a comparative seriee of proportional minersl weight
frequency diapgrams, based on mineral number frequency percentage and
weipht of grade size concentrate expressed as a percentage of original
sample. It indicates the relation of mineral weight frequency to
grade slze for comparative formational avera, es, and confirme the
results obtained more aceurately for only one formation in figure 22.

CAUSES OF MINERAL VARIATION.

In reviewing all the possible causes for variation of mineral
percentages in sedimentary deposits these may be summarized briefly
as due, either to the absolute availebility of the mineprale, that is,
their presence in or absence from the distributive province (the
drainage area from which the depoeits are derived), or to their
relative avellability, in cases where minerals may be present but
not deposited, or only deposited in ceritain grades. Some diecuassion
of new facts and theories in connection with this interesting aubject
of sedimentary varistion and provenance have been given by Allen
(1945) and other workers.

The absolute availability ie determined by the source rock and
the relative resistance to abrasion of its constituent minerals,
as well as thelr relative resisteance to alteration. t'hile the source
rock supply may comprise a single source area, either uniform for e
congiderable period, or with variations due to erosion (Brammell,
1928), or size (Krumbein end Tisdel, 1940), alternatively it may
be multiple in nature, due either to mixing of tributary loads or
contributions from eseveral sources to the baein of deposition. As
regarde the relative resistance to abracion (Thiel, 1940), whereas it
was at one time believed that minerals such as felepars, pyroxenes,
and amphiboles, could not survive long traneport, it has been ghown
(Russell, 19395 that this is not so, and that 1little change occurs
dne to the process of transport itself. In the caese of relative
resiatance to alteration, however, there are the effects to consider,
not only of transport, but also those of the initlial wecathering of
the source rock, and the alteration which may occur after deposition
and burial, paréicularly if the formation ies porous and rermeable
( rettl Jom, 1941 )o '

Relative availability at the time of deposition is governed
either by "local"” sorting at one point, progressive sorting in the
direction of transport, or a simmltaneous combination of both
processea, Yihereas loecal sorting ie dependent on the hydraunlic
condition prevalling at the point of deposition, with the shape of
greins and settling time (Rubey, 1933b) as important factors, the
more gradual process of progressive selective sorting may take a
variety of forme depending on the mode of transport. Sorting of the
latter type may occur by "oute-running®, the roll of spherical
grains in transport by traction and saltation; by "panning”, the
easier removal of lighter particles facilitated by carriage in
suspeneion; or by "trading®, involving a deposition on convex banks
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of water-courses and erosion on concave banks, and being a change by
variation of meander and not of material transported. »Roth types of
sorting are dependent on size of grain, whether relative or absolute
(Rubey, 1933a; huesell, 19363 Allen, 191;7}, specific gravity of minersl,
and shape of particle lhado s 1932, 1934)¢ Other important factors
involved are the velocity, degree of turbulence, viscosity, and
specific gravity of the transporting agemt. As far as practicable

the best method of eliminating thease morting effects is by evaluating
the corresponding hydreulic ratios (Rittemhouse, 1943, 1954):

In determining the hydrasulic ratios as in table 42, portrayed
diagrammatically in figures 22-23, the comparisons shown are reasonably
free from sorting errors and therefore indicate absolute availasbility.
Since the minerals tourmaline, rutile, and zircon, are the ones
selected for determining the main c tive conclusions, and
these are all. ultra-steble, the guestion of relative resistance teo
alteration hardly enters., This leaves the factors of spurce rock and
relative resistance to abrasion, as accounting for the differences
observed between the correlative Triassic and “Upper” or "Younger"
Arenaceous Series" guartzites, and the distinetive "Lower" or "Older
Arenaceous Series™ quartzites, 7The relative poorer resistance to
abrasion of tourmaline is indicated by the hipgher degree of rounding
diaplayed in comparison with szircon. This may also have resulted to
some extent in the relative reduction of tourmaline frequency, but
in the main the differences must be due to changes in the diagribut.ive
provinces It is hardly likely that a single source supplied all the
material during the time taken to accunmlate such thickness of
formation as have heen sempled, |le are left, therefore, with the
ineviteble logical deduction that the differences observed are most
probably due to changes of multiple source, a change of contribution
from several sources to the same basin of deposition, such ae might
be expected to occur between Carboniferous and Triassic times, due
to a change in the palaeogeography from the time vhen the landmass
was first submerged beneath the scas of the Carboniferoue-ermian
era until it began to emerge again in the later Triassic period,

INTERPPRETIVE CONCLUSIONS

Careful examination of the statisticel data obtained, and the
graphical representation thereof, indicates quite definitely the
similarity between the results obtained for the Triasssic quartzites
of Lipis District, as represented by ssmples 03, 19, 21, end the
"Upper" quartzites of Bentong District, as represented by samples
279 295 31e It is also evident that, as expected, there is a
otrong similerity between the "Lower" guartzites of Raub District,
represented by samples L4, 51, 13, aud the "Lower" quartzites of
Bentong District, represented by samples 15, 3u=35, 42, The "Lowcr"
quartzites, however, show significant dissimilerities from the
Triassic and "Upper" quartzitce.

Vhen apsessing these similarities and dissimilarities, sas
implying correlation and differentiation between different formations,
it is relevant to refer to and keep in mind certain discussions by
Tickell (1924) and Dryden (1935)s In the latter article Dryden
explaine the distinction between corrclation ss implying eynchrony of
geological formation determined by palacontological data, and heavy
mineral correlation, which he states is "an entirely different concept,
although the process may lead to results quite analogous to those
obtained by the use of fossilas"., 'hile still not necessarily proof
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of apge correlation or differentiation, therefore, there is still a
strong probability that the results obtained may be due to this cause,

Of the schedule of information enumerated by Hilner (1940) in
hie principlee of correlation, the following were found to be most
useful:

a) relative frequency of minerels (tourmsline, rutile, and zivcang;
b) grade sizes of certain minerals (some relatively coarse zircon);
¢) aversge shape of minerals (particularly tourmaline and slrcong
d) differences in colour preponderance (striking with tourmaline

e¢) reciprocal relations of the abova characteristice.

To summarize the differences betwe@n the correletive Triasaic
and "Upper"” or "Younger Arenaceous Series” guartzites, and the
distinctive "Lower" or "Older Arenaceous Series" quartzites, it may
be said that the latter possess a higher volume ratio of tourmaline
to szircon, with a moderately high proportion of blue-green coloured
varietlies of tourmaline and a higher degree of rounding. The former
group, on the other hand, possess a higher volume ratio of zircon to
tourmaline, vith virtnally only yellow-brown towrmaline present and
a higher degree of angulerity. Even with the sorting effects,
eliminated, or at least reduced and largely eliminasted, these
significant features of correlation and differentiation are still
narkedly in evidences

That this is s0 is emphasized by the more careful examination
of figare 235, showing proportional welght frequemy percent for the
various minerals in successive grade sizes. ‘hereas the "Lower®
quartzites indicate only one size group of zircon, in the case of
the Triaessic and "Upper™ quartzitcs there mppears to be two groupss
This effect mey be due partly to the use of too large a size fraction
for table treatment, but it is definitely more pronounced in the
case of the Triassic end "Upper" quartsites. The coarser, more
angular variety poseibly represents an influx of material fyrom a
different source, whereas the other possibly r zli:reemtn a similar
gource to thoee occurring in the “"Lower" es, but with the
dirfference that the proportion of taurmalins to this type of szircon
ig appreciably lower.

" All theae effects could be due either hc:h.angma in the originsl
source rocks consequent on continued denudation over a long period
of time, or to dilution on acecount of palaeogeographical changes in
the disiributive province. It appears probable, moreover, that the
higher degree of rounding and greater number of colour varieties
exhibited by the "Lower" quartzites may indicate that they are largely
gecond-cycle sediments formed by the re-working of sedimentary strata,
whereas the "Upper" and Triassic quartgites have been formed to e
greater extent by the primary denndation of injected metamorphic
terranes and plutonic igneous bedroclk,

RECOMMENDATIONS FOR FURTIHER INVESTICATIONG

It is not claimed that more than a preliminary investigation
of the subject has been effected, but that the gratifying results
obtained are sufficliently striking to justify further detalled work.
It is hoped, therefore, that within the next few years an opportunity
may occur for the more thorough examination of quartzites occurring
in other parts of Halaya, and that the conclusions determined so far
will be found to hold valid over a wide area for a large number of
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samples., Only thus can 1t be established with a reasonsble degree
of conclusiveness whether or not the method is a consistently reliable
guide, as an alternative to fossil evidence, to the ages of the various
guartzites, U/ith this end in view the following recomnendations are
camplled for the technique to be followed in any further investigations.

SAMPLING - Four discrete samples of 5 to 6 pounds weight
should be obtained at four different pointas in any one locality,
combined to make one composite "locality sample™ of 20 to 25 pounds.
A minimam of four such samples should be taken from four different
localities when calculating "district averages"., Four such district
semples of the same formation should be selected for computing
"formation averages®,

DISAGOREGATION - The Jaw-crusher setting at 1 inch and Braun
pulverizer at 1 to 0«5 millimetre, depending on grain size, proved
very satisfactory and may be continued, although poesibly a closer
setting could be used for the pulverizer, especially vhen dealing
with finer-grained material.

CONCERTRATION = The crushed product should be dry-sieved to
oizes (+18 mesh), (+35 meahz, (+60 mesh), and the (=60 mesh) material
wet-sieved to (+120 mesh), (+230 mesh), and (-230 mesh). The over
4{8-mesh sige should be passed back to the pulverizer, and each of
the other products in turn passed over concentrating tables. The
finest size (=230 mesh) would only require one teble retreatment,
rejecting tails only, the (+230 mesh) end (+120 mesh) sizes each
two retreatments, rejecting taills and half middlinge, and the
(+60 mesh) and (+35 mesh) sizes each probebly three retreatments,
finally rejecting telle and middlings. Each of the table slzes
should be split to two grade sizes lor treatment over the superpanner,
Stainecd calcite should be used for visual control over tables, as well
as when using the superpanner.

SEPARATION - After acid treatment and drying, each grade size
of each sample should be subjected to a magnetic separation, in order
to effectively remove all strongly megnetic materisl. The remaining
concentrate should be cleaned by decantation using bromoform in open
beakerses This method has been found perfectly satisfactory, more
convenient, and much more rapid than using s separating funnel in
the usual manner, Determination of averege specific gravity should
be carried out on each of the resulting heavy mineral residues, and
sufficient material split off to yield slightly more than 1000 grains
for mounting in Arochlor.

OPTICAL EXAMINATION - Count 1000 grains per slide so that,
in effect, the count is virtually the vhole of a split portion of
the pgrade size concentrate sample. Place emphasis on examination
of ultra=-stable minerals, although meking note of peculiarities of
others. /Amongst the characteristice noted should be included
number frequency, colour variation, degree of roundness, and
presence or absence of inclusiona.

1 STATISTICAL COMVUTATION & GRAPHICAL REPREQENTATION « Absolute
welght frequencies should be computed in each case by taking

account of the average specific gravities of concentrate, and

the corresponding hydraulic frequency ratios then determined,

In addition colour veristion ratios, roundness ratios, and inclusion
ratios, may be computed for a suitable range of sizes, and plotted
on scatter diagrams to a logarithmic scale as the best visual

means for statistical comparison of different formetions.
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