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INTRODUCTION

 As originally intended, my project may have been
desoribed as, "a study of the magnetic properiies of the roocks
of the Middlebaok Ranges, and the applioation of the resulis
obtained to the interpretation of the aeromagnetic maps of the
#aid area". But due to the nature of the predominent rocks of the
ares, the hematite quartzites, the study of the magnetic properties
became rather difficult. The hcmatite quartzites were Just too
hard and tough to do very much with, For this reason the etudy
was rather pidetracked towards s minaeragraphic one, and on acocount
of this both may have suflered,

In a paper delivered during & Symposium on Mining
Geophysics held under the suspices of the Bociety of Exploration
Geophysicists, O.A. Heiland {13) suggesied some pointers
that geophysicists should keep in mind and endeavour to apply.
They were -~

a., Limit the size of the prospecting area by geologie
reasoning.

b, Examine the possibility of mineral assoclations,

c. Give more attention to physical te=zte of rock specimens,

d. PFlen surveys that they tie in with known areas, that is
overlap into areas where the general gsology is known.

6. Corduct geophysical investigations from underground,
workings.

Although you may not be convinced after reading thias
paper, it has more to do with pointer (¢) mentioned above thanm
anything slse, The gecphysical method in question is the magnetiie
one, or more exactly the seromagnetic method, and thus the most
important physical properties are the magneilc ones,

I 1ike ¢to feel that I have mede some atiempt to integrate
the two approaches, the mineragraphic and the geophysical, in the

interpretation of the aeromagnetic maps, Actually the interpreis.
tion done,
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rather than being of a general nature, is more eirictly confined

to that area nath of iron Honarch -~ the Race Course area, In this
area, aeromagnetic maps plotted Ifrom the resulis of two surveys
flowm at different altitudes, namely 500 and 1500' were made
avellable to me. Also gravity plans were forthcoming, 80 that I
Telt justified in restricting my remarks more speocifically to this
plage,
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During the long vecation of 1955~1956 I was employed by
the B.H.P. Jo. Ltd, as a student member of their geological section
at Vhyalla, While at Whyella I was able to collect a number of
specimens of hematite guartisite -~ these consisted of hoth surface
and sub-surface specimens; the latiter were taken entirely from
DDH 20 which is situated at Iron Monarch (Ses locality plan).

tpeclmens of 4rill core were taken for mieroscopic
examination at about every 10'. At somewhat longer and more
irregular intervals larger specimens were collected. These larger
epecimens were teken with the thought of later megnetic icets in
miné. The disappointing feature was that'mer&'muah of the core
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had been split for assaying, and only a few whole pieces remained,
As was proved later, the broken hematiie quarizite was Just too
bhard to core sgain to produce specimens for magnetic tests. The
job would have bsen much easier if whole pleces of the original
gorc had been available at frequent intervals elong the drill hole,
for these would heve only needed trimming at each end by dismond
paw outs. A new holder for the larger diameter core could essily
have been constructed for the wagnetometer usod in measuring the
magnetic properties., As it was there were %tco fow whole pleces

to warrant thie.

Surface specimens were also collected., These ware taken
in conjunction with assay samples (for B.,H.P.). They were collected
from Iron Baron South during the commOncement of the Taconite
Survey there, Others were taken too - some from the surface near
DDH 20 & 25,

Polished sections of msny of these Bpecimens were made.
The specimens used here were those surface and subsurface speclmens
taken from DDH 20. These were examined and the descriptions
follow. The descriptions may appear rather sketchy, but perhaps
the overall picture is more important. Any variations with depth
were looked for, particularly with regards to the magnetite
content. It was thought that the specimens taken at the surface of
DDH 20 might provide some control im this,

Details of specimens coliected
8., Specimens teken from DDH 20,

No.  [Depth Remarkg,

1 gt Leached quartsite. Limonite staining.
2 151 Leached epec.

3 23¢ Porous siliceous meierimi,

L 30%6% ef. 2 Veined by red ochre,

5 33 1gn Banded H. Qe

6 yarm ¥ashed H.Qe



16a
17
18
19
20
21
22
23
2y
25
26
27
28
29
30
31

32.
33
34
35
36

Depth
52*
62t
65'6"
75!
85¢
95¢

105'
114t6"
1197
125i.
132°*8"
1397
170!
158'8"
168731
17078
178'6"
186!
200'9"
209!
2181
22216"
225164
2321t
2u2!?
252"
259

260!
269|9n
27217
274
28417

alie

Remarks,
He Qe
Banded H.Q.
HeQe
Well banded H.Q. velned by quarts,
He e
Banded H.Q. Quartz veining,
Contorted H.Qe
Well banded H.Qe
Crumpled H.Q. Quarts veining,
H.Qe
Banded H.Q. Quartz veining,.
Well brecciated H.Q. Ferruglnous cement.
H.Q. Brecolated.
Banded H.Q. Quartz veining,.
Banded H.Q. Brecciated and crumpled,
H.Q« Rich contorted hematite bands,.
See 20 Locally brecciated,
H.Qe. Crushed,
Sheared out H.Q.
panded H.%. Locally contorted.
Siliceous H.Q. veined,
Banded H.Q. Brecciated. oQuarts cement,
Banded H.Q. Veined.
H.Q. Velned,
Banded H.Q. Velned,
an-
Extremely siliceous H.Q. Two large band®
of hematite.
H.Qs
H.Q. Brecciated and veined,
Brecciated HeQe Cherty gquartsz cement,
Brecciated. Ochrous cement, 8See léa.
Banded H.Q.
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Ro., Depth Remarks,

37 29l Brecciated hematite rich rock,

38 3oLt Hematite rich material containing quartsz.
The guartz is surrounded by a rim of
Jasper,

39 314t Porous hematite rich materiel, 8See 37

Lo 35! See 39, Not so porous., Velned.

L1 3257 Hematite rich, See L4O.

L2 235 pended H.Q. Wavey banding. Rich in
hematite,

L3 5t Oxidiaed H.Q. Ochre,

Lhi a5gt Oxidieed H.Q. The oxidation seemes {0 be
progressing along the banding.

L5 369'9" Brecciated hemetite rich material, Oxidise«
in part, Slightly porous. Quartz velning,

L6 378°* 811, H.Q. Contorted and veined,

L7

L8 398¢ Brecciated H.Q.

L9 Lo6* Banded H.Q. Intense local contortion,

50 Lo8!* Brecciated hemdlte rich material,.

51 pratev Banded H.Q. contortion.

52 20t Banded H.Q. Velned.

53 yau! Very sil. material., Thin hematite bands

offset by fractures. Same oxidation
effect as Ll.

54 L28¢ Oxidised ochrous material,
55 L34t Rrecciated., Oxidised hematite cemented by
quarts,

56 L37* $il. H.Q. Veined,

57 Ll1 6" H.Q. being oxidised and leached,

58 L3 6" Rich banded H.Q. with large quartz veins,
’ These contain limonite,

59 L26t6" HeQe Well recrystallised,

60 L5s5? H.Q, containing irregular guartz patches,



61
62
63

65
66
67

68
69
70

72
13
T4
75
76

78
79
80
81
82

83

85
86
87
88
89
90
91,

Depth

Ler*io"
Ly
i8o?
L85t
k87!
Loo!
49l *

506"
512t 6%
522° 9"
532'11"
su2!
557110
582*
592!6“
602' 3"
612*
640"
653"
655°
664
66813"
671!
676"
6861
€95'9"
69916"
706!
707 3"
ns
725°

6.
Remarks,

Banded H.Q. Wide banding which ia offet,
Hematlite rich material,
Hematite rieh. Quartz is Jaspery,
Wide banded H.Q. Veined,
HQ QO
Breccliated and contorted.
Irecciated (cf 66), guarts rich masses
engulfed by hematite,
HeQe Slightly porous.
Hematite bands contorted, Cherty guartz,
Porous oxidised specimen,
Cherty specimen. Veins containing red ochre,
Hematite rich. 8lightly oxidised,
H- Qn
Red ochre present malnly,
Porous oxidised speclmen,
Leached oxidised cherty specimen,
Cherty material.
Oxidised smpecimen. Red ochre and guarts,
" L More quartisz.
Brecciated guarts in oxidised hematite,
Cherty sil. specimen, Veined by hematite,
Banded H.Q. Leached and oxidised,
Banded H.Qe
Banded H.Q.
H.Q. Brecclated,
Banded H.Q,.
] "
Cherty specimen., Ochre present in fractures.
Oxidised. Ochre and guarts,
See 80,
Oxidised leached specimen, A little
hematite,



No. Depth
92 721
93 733!
1 742!
95 752'6"
96 760
97 774!
98 T
99 787'6"
100 791 ¢3¢
101 797*
102 go7*?
103 811'9"
104 81lran
105° 901'8"
106 10151
107" 1077?

oo

Remarks,

Oxidised leached specimen, Not much
tematlte.
Very sil, cherty specimen., KFoil mmuch
hematite,
Hematite blocks isclated in quartz (Jaspery).
Slightly leached and oxidised,
Recrystallised H.Q.
Hematite bands in red jaspery guerits,
Banded H.Q. 511, bands which are chertiy,
Banded H.Q. Large hematite rich bands.
Oxidised specimen, Little reeidusl hematlte.
Similar 99,

i o More hematite,
Cherty specimen,
Brecciated quartz. Hematite infilling
fractures,.
Recrystsllised specimen of H.Qe Oxidised,
graphite schiet,
Altered dolerite,

?

b. Surfsce specimens collected south of DDH 20.

These were collected for mineragraphic examination,
every 10's They were taken from what appesred te¢ be solid outcrop.

U\\H-F-“UMI-‘!?

Distance South,
561
66"
76*
86*
961
106"
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Ko, Distance South
7 116"
8 126"
9 136"

10 146"

1l 156'

12 227!

13 237"

14 2u6*

15 259°

16 269"

17 279!

18 289"

19 3o1°

There was solid outcrop neither within 56° of the drill
hole nor for 71' south of specimen No. 1ll,
A1l specimend were typical of banded hematite quartzite,

Details of Specimens used in examinationm
A 1ist of those specimens chosen for mineragraphiec

study is,
From DDH 20.
Eo. (on briguette) Depth
2 338"
7 52!
7a 62*
12 105
17 150"
23 200'9"
29 242t
36 284t
37 294!
Ll 325"

43 3u5"
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No, (on briquette) Depth
49 Lo6?*

52 2o

57 hhlten
61 L6L 1O
62 L7ht

6l 485

66 L90"

73 557'10"
82 6681 3"
83 671"

8l 676!

86 6951 g%
91 7251

95 7521 6"
98 777
101 7977
1ok 81L 6"
105 901 ' 8"

From south of DDH 20.

No. (om briguette} Distance south,
2 661
4 86!
6 1067
7 116"
8 126°
9 = 19 o1t
9a = 9 136!
10 146"
11 = 12 227
i 2467
16 2691

18 2891
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In addition a few of the camp set specimens of the
Middleback Ranges were chosen as sulteble material, Specimens
mainliy of iron ore were taken. These are,

No.
MER 5 Manganiferous hematite,
4] 8 1" "
LI Typlcal hematite ore,
v A9 He Qo
voo24 Banded smphibole magneiite rock,
" 26 HeQs {a pebble from Corunna Congl.)
"33 Magnetic hematite ore,

Also several thin sections were msde, The speclimens
used came from the subsurface ones of DDH 20.

Ho., Depth

Ta 62

23 200" g"
49 106"

64 L85°

66 Loo?
101 797¢
106 1o15°

The descriptions of all polieshed and thin s ectlona follow,

Descriptions of specimens emined,
a. Polished Sections

DD20/5

Poor banding. Some quartz veining. Less than half of the
section 1e hematite, The hematite does not take on good crystalline
gshapeg, Mosit of the crystals are small and irregular. The larger
crystala are composite — hematite is well intergrown in these,
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A 1ittle magnetite ie found,
DD20/7

Certain sections where lese hematite is found and where
the crystals of it are emaller, show good banding, Guarts
veining. In the hematite richa reas the hematite crystals are
composite and intergrown, loet are elongated,

Little magnetite,
DD20/7a

Banding is noticeable. A rather large and hematite rich
one traverses the pection. It is offset by minute fractures in
places, Cross-cutiing veins of quartz are found,

Magnetite is present in ressonable guantities, It seems
to be confined to the hematite rich bands,
DD20/1.2

Banding and cross-~cutting velns of guartz are seen,
Throughout most of the s ection the hematlte 1o equidimensional.
In the richer portions it takes on elon.ated shapes,

Magnetite is present.
DD20/17

Banding not so good, Cross-cutiing quartz veins.

Quartz predominates in the section. The hematits crystals
seem to be mostly equidimensional.,

Magnetite 1s present throughout the section,
Dp20/23

Reasonably good banding. AJuertz veins with hematite
spicules extending towards thelr centires,

¥uch the same story, the larger hematite crystale are
compoeite.

Magnetite is present,

Goethite is seen replacing the ceniral areas of some
hematlite crystals,
DD20/29

Banding is prominent. Cross-cutting quartz veins.

Little magnetite is present,
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DD20/36

Bapnding is obvious., Small crose-cutting veins of quartz
are present, Also fractures,

The larger crystals of hematite are eguidimensional for
the most part, the emaller are needle like,

Magnetite is present under the usual clircumstences.
Goethite occurs, it may be replacing magnetite,

DD20/37
Randing can be seen. Quartz velning,
Magnetite is found in the section, 1t is not abundant,
Goethite is present to00.

DD20/141

Again only = little banding. The section is broken up -
guartz veining is prominant, Hematite cerystals are sometimes
enclosed in these quartz veins,

Cryetals of hematite invaded by guartg are to be found,

Only l1ittle magnetite l1ls present,

D20/L43

Another well broken up specimen,

Areas of greater hematite conceniration are set 1in a
finer grained groundmass.

Magnetite is rare,

DD20/4%

Banding. GQuartz velning.

Hematite occurs in cracks around quartz crystale,
Migration?

Not much magnetite. Some goethite,

DD20/52

Some banding. Little magneilite,
DD20/57

Banding.

Hematite is ragged. It is also pitted. Sometimes one
gaine the impression that hematite has oxidised and moved on.

A little megnetite is present.
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D20/61

Banding not geod., The specimen ig fractured and
veined in many directions. Elongated crystals of hematite grow
transverse to the vein,

In this section "lattice {twinning" ie to be seen,

Magnetite is preasent,

§hat may be rutile is seen in one paich, It encicses
small hematite crystals,

DD20/62

Hematite rich. Quartz veining. The hematite is well
intergrown,

A little magnetite,

DD20/6L

Another section showing brecciation. Hematite rich
blocks are enclosed dy quartz,

Magnetite is not abundant,

DD20/66

Banding., Hematite is present as blocky crystais, These
are compoeite,

The section iz rich in hematite,

Cross~cutting gquartz veins occur in several directions,
Some of these contain inciuded hematite cryestals,

Megnetite is abundant in the section, This is probably
the richest yet (but still only about 2-3%J.

It is becoming increasingly noticeable that magnetite
is not necesserily confined to the interior of the hematite
crystals, It occurs freely on the boundaries. However in occurring
near the edge it still forms the core of a smaller cryetal which
goes to meke up the larger composite one,

DD20/73
Banding, Quartz veins and fractures offset the banding,
Litile or no magnetite is present,

DD20/82

Hematite rich. Large areas of intergrown hematite
erystals, Little magnetite,
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DD20/83

Good banding. The hematite is fine grained,

Magnetite occurs. W%hat might be goethite seems to occur in
the central areas of hematite orystals, as does magnetite, Does
this replace megnetite?

DD20/86
Banding. Cross-cutting quartz veins,

Kot a lot of hematite is present and what is, 1s fine
grained and needle like,

A little magnetite is present,
DD20/91

Oxidation? Is hemstite being removed or 1es it that
introduced goethite is replacing quarts?

Lattice twinning.

Very little magnetite.

Also, & small erystal of pyrite is present,
nD20/95 _

Large blocks of hemetiite occur throughout the saction.
Elsewhere the hematite is fine grained and needle shaped.

Pyrite (?) is present - both isolated and enclosed in
hematite.

Ie goethite replacing fine grained megnetite or quartz?
DD20/98

Reasonably rich in hematite., GSome magnetite,
DD20/101

KO banding. The hematite is concentrated into irregularly
ghaped masses, A few crystale of pyrite (?) are present this time
enclosed by auarte,

Megnetite not abundant,
DPD20/104

Ses 10l. Spikey crystals of hematite are sometimes
arranged in an intesecting pattern. They are intergrowth.

Pyrite (¢) ie pesent, The similarity of thess sectione
containing pyrite 1s noteworthy,

Magnetite ip rare,
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DD20/105
A foliated specimen, GOeems to contaln tiny elongated
eryetals of hematite between tle lamellae of graphite (%).

8DD20/2

Banding., Hematite is mostly fine grained. The larger
crystals are composite, Magnetite o:curs as irregular blebs
throughout the hematite. It is generally confined to the larger
masses of hematite.
SDD20/L

Banding is not so good. AQuartz veine. Rutile or is 1t
goethite ocours. This encloses hematits,

Yagnetite ls present,

SDD20/6
Banding. Cross-cutting quartz velns,
Magnetite i1s present but not too much of it,
8DD20/7
Banding. <uartz veining,
Magnetilte is difficult to find, Rutlle?
SDD20/8
Rich in hematite, Quartz veins, Hematite may dominate
60-40,

Many hematite corystals are straight edgsd,

Magnetite., Also ruiile (7)

Banding and quartsz veins. The veins contain small
erystdl.s of hematite,

Reasonably large magneiite crystals,
8DD20/%a

Indietinet banding.

No magnetite could be found although the section is rich
in hematite.
8DD20/10

Very little magneiits, No: much hematite anyway,
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SDD20/11

Banding. Yuch hematite., Quartz veins.

A criss-cross arrangement of hematite crystals Is
noticeable. Twinning (not lattice) iz seen in the hematits,
Magnetite is found more in the hemaiite rich areasn,
8DD20/14

Banding. Brecciation and cuartz veining,

Little magnetite,
8DD20/16

Banding., Within individual bande the gquartzs and hematite
are eguidimensionsal,

Magnetite is found, much more eaegily in the hematits
rich areas, ‘
SDD20/18

Banding and hematite veins are seen,

Little magnetite,

MBR/S

Larger hematlite crystsls are surrounded and cemented
by pyrolusite.

Veins containing pyroiusite are seen, The hematlite
occurs both as large and small crystals - the larger are
composite,

Associated with the pyrolusite in the veins is another
mineral which may be goethite,

MBR/8

Hematlite in quite large crystale is surrounded and
cemented by goethite (which inm turn contains smaller hematite
crystals).

Some of the hematlte shows lamellar twinning.

Could it be that magnetite wap the original cementing
mcdium, which bas since been oxidised to goethite} a4 little of
what could well be magnetite assoclated with pyrolusite is seen
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in the s ection. Magnetite aleo ocecurs ae cores,
MBR/11

Principeily hematite, surrounded by oxidised meaterial.
This black powder could be forming from goethite., A few msgnetite "
YCores" are seen.

Thie could be a stage further than 8, There may be &
transition from magnetite to goethite to powdery hydrated material,
MBR/17

Fine grained hematiie, which emphasizes the banding.

Magnetite occurs as cores, Ooasionally goesthite is seen
replacing the central areas of hematite crystals (the magnetite),
MBR/24

Banding.

The presence of magnetite is obviocus, Hematite ie seon
replacing the magnetite along the III planes. The fingers of
hematite enorcach from the outer edger of the magnetite crystals,
Good lattice twinning is seen too, NRothing like this has Db een
observed to date in any of the other sections (except once). All
stages of the replacement can be examined,

MBR/26
Banding is excellent, This is H.Q. Very little magnetite,
Good lamellar twinning.

MBR/33

Hematite is cemenied by nmgnetite and a little pyrolusite,
The magnetite seems to be giving away to goethite, lLagnetite is
also seen as cores - two generations,

b. Thin sectionms
These merely showed the banded nature of the hematite
quaertzites, The well recrystalilsed behaviour was alsc demontimied.
Conelusions drawn ivom results
a. Previous thoughtis,.
Quite a deal of discuesion as to the relations between
magnetite,martite, hematite and "limonite" went on back in the
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1920's 30's when the first doubts against the supergene mode of
formation of the large iron ore dsposite of the Lake Buperior type
were raised, @aruner (who incidently originally asdvocated a supergene
formation for the hematite from pre-existing magnetite, but later,
swung over completely to the hydrothermal mode of formation) played
a big part in this conflict. As indicated above he was the first

to really suggest the hydrothermal type of formation. Van Hise and
later Leith pumped unhesitatingly for the supergene method of
formation,

Broderiok (1), then Gilbert(15), wrote papers on the
relations between magnetite and hematite occurring in ores
together, Gilbert claimed that in the ¢ ase of magnetiie being the
older mineral from which hematite formed through oxidation, then
the hematite could either replace the magnetiie, working inward with
a smooth Tront which showed no relationship to or dependence on the
internal structure of the pre~existing magnetite, or it could form
a8 small clean out plates running in several directions, undoubtedly,
he claimed, oriented by the YII planes of the magndite host. He
algo advanced the possibility of megnetite replacing hematite im
some cases, ‘

As far as the supergens Tormation of hematite from
magrntite was concerned, Gilberi.felt that considering the inertness
that magnetite showed to oxidising conditions at the surface, it
seemed unreasonable that such e formation could take place. "Of
the hematite which replaces magnetitec, I think that overwhelmingly
the greater part is hypogena".

Gilbert aleso claimed that magnetite, which is actually
lsse resistant than hematite, would rather produce "limonite™ under
surface or supergene conditions, In those cases where magnetite
cerystals have their interioras replaced by "limonite", and their
borders by hematite he felt that the hematite was hypogene, the
"limonite"™ supergene, replacing the magnetite selectively.

Gruner (8) followed this up with a paper on the magnetiic =
martite - hamatite relationships. He carried out oxidation
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experiments on magnetite at atmospherie pressures and at
temperatures up to 200°C and found that hematite formed but oniy
aftar quite long periods of time, and then only at the surface

ag 8 thin film, This hematite replaced the magneti %a%}ong tha
octahedral planes., He argued that the oxygen atoms/must be added
into the lattice of the magnetite,could only be added along the
octahedral planes, This he deduced from a study cf the structure
of magneiite, For this reason it should become easy to understand
why oxidetion should proceed along these III planes, The "smooth
front"® replacement he felt might result 1f the minute rods of
hematite {oriented along III) during shallow penetration on oxidation,
fused as they became thicker. In such & way the hematite would
offer a solid front before pensirating to s gresater depth,

Gruner also indicated that, to produce magnetite from
hematite, oxygen would have to be removed from the structure, so
that, in this case, magnetite would form at the centre of crystale
and should grow from the inside outwarda, Apparently he locoked
upon this as a mass migration of oxygen, so that the central portions
of a crystal would firet be depleted., On this matier he sgreed
with Gilbert.

In this paper Gruner claims that the evidence for the
existence of s0lid solutions of magnetite and hematite aseem Joubtful,
They are now}t?c? wenxist-.

gruner (6) also carried out hydrothermal leaching
experiments on magnetite, He concluded that martite forme at
higher temperatures.than those under which asupergene procesaes are
generslly belleved to take place,

On this (and other evidence) Oruner baased his argument
against the secondary enrichment theory for the formation of the
iron ores., He met with a great deal of opposition from Leith end
others who argued mainly from the point of view of field evideonce.

Gruner (7) proposed that meteoric waters, generally
gtagnant, when heated due to intermingling with geseous emanations
from large intrusions became sotlive solutions dissolving silica from
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the handed iren formatione, so commonly associated with the iron
ore depoeite of this kind, They rose to the surface carrylng with
them this silica where it was deposited as a sillceous sinter, which
was later removed by erosion. He introduced the idea of both
lateral and vertical movement of the hydrothermal waters, as opposed
to the downward (and also lateral) movement of the meteoric waters
a8 suggested in the secondary enrichment theory.

It would seem that Milee (10) hae taken up thie 1dea of
Gruner and introduced it into the Middleback Rarnges. MUMlles has
suggested that the formatlion of the ore bodles involves the
movemsnt of iron from the surrcunding hematite quartzites - the
carricrs heing hydrothermal solutions. He acknowledges the original
sedimentary formation of the hematlte nuarizites ae proposed by
Edwards., These rcediments were subjected to a moderate grade of
metamorphism {0 produce the hematite gquartzites which were then
composed of magnetite and quartz, The conversion of magnetite o
martite (hematite formed through the oxidation af'magnetite) and
"limonite™ was probably a later supergene process, but he does
think that Gruner's experiments indicate that magnetite is one of
the more stable minerals under cold water oxidising conditione
and it's martitisation could demand the precence of heated
golutionus. Later he develope this with regard to the leaching of the
hematite by the hydrothermal solutions to form the ore bodies,
Thus actuslly he ceemg to want it both ways’' "The conversion of the
magnetite to mertite was probebly & later supergens process", And
later ...." partial oxidation of the magnetite was probably
contemporaneous with the localisation of the high grade ores®,

Edwarde (3), examined specimens of hematite quartzite.
Theege were from the surface., Regerding those from Iron kKonarch
South he mentions that in a few specimens, although the outlines of
the hematlte grains indicate that the martite has replaced magnetite,
there ig no evidenoe of lattice twinning. Hce seems to make nothing
of this (4f there is anything to make of it), but he does suggest
that the development of Ylimonite", as related to the nresent oycle
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of weathering, in it's selective replacement of magnetite, raises
doubts as to whether the martitisstion of the magnetite can be
atiributed to supergensd processes,

whittle (12) of the specimens he examined from the
XKatunga Hills drill-hole Nos. 1 & 2 suggests that while of a
similar grain size to the megnetite, the hemaiite does not appear
to haveb een derived from it, for no evidence of progressive
martitisation can be seen from a study of the polished sections,
Discounting the possibility of a general recrystallisation of the
whole rock during which the features indicativéd of martitisation
have become obliterated (IIX replacement for Whittle), the hemaiiie
mast be considered as an original constituent or azs an introduced
mineral, The elongated textural nature of the hematite suggestis
to Vhittle a metasomatic origin for this hematite, Whitile says
"hematite at deeper levels may be metasomatio in origin, but
1t is secondary afiter magnetite in near surface beds".

b+ Personal thoughte.

The thing which struck me was the lack of evidence for
any startling inoresse of the amount of mmgnetite with depth, The
specimens taken from the drill core of DDE20 remained reasonably
conetant in the amount of magnetite present. This amount was
very small (1-2%) too. The amount of magnetite varied little from
that which wae found in the s pecimens from the surface, I was
surprised at this as I had galned the idea from reading,that
because the hemntite was secondery after magnetite it was to be
found mainly near the surface, However, for over 800' of drill
core from which some 29 specimens were examined hematite remasined
the predominant mineral by far. Magnetite wae rare and the amount
of it preasent did not vary much with depth - it always remained
smalle

This magnetite cecurs as small irregularly shaped blebs
in the larger hematite crystals, It does not ococur only towards
the centre of these larger hematite crystals (composite), but
sould be found near their borderse. However, the larger hematite
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crystals were composite, consisting of many intergrown smsller
cryetals meking up the larger mass, a fact noticeable under crossed
nicols. Xagnetite always occurs towarde the cenire of these
emaller crycstals making up ihe larger composite mase however, Thus
even though the magnetite blebs might occur near the borders of the
larger composite mass, they were cores of one of the smaller
hematite crystals making up the larger one.

Except for one rare occasion there was no evidence of
lattice twinning to be seen in any of the sections examined from
DDH20 either surface or subsurface. One specimen neamely “BR/24,

a banded amphibole megnetite rock which was collected from Kinbe

Gap 4id show this lattige twinning, an after effect of III1 replacement
of magnetite by hematite, remarkably well. Thus it was not as if

1 did not know whait I was looking for, it just was not thers.

The replacement of the pre-existing magnetite, now
preserved in the cores as I mentioned above therefore took place
ao the 'bmooth front "type in those specimens from DDH20, “hy thie
should be so is difficult to imegine., <There was obvlously some
difrerence in the circumstances under which the replacement of
magnetite by hematite through III replacement sook place and those
under which the "smooth {ront" type took place., Perhaps ons
explanation could be that the physicel make up of the rocke are
different. That is the grain size of the pre~existing magnetite dif-
fered in the iwo cases., In the specimen MBR/2l the magnetite may
have been of a larger grain sige ~ it does appear this way in
polished aectlon. Also it could be that the crystals were whole,
unlike the composite intergrown crystals seen in those specimens
taken from DDH20. The composite nature of the hemaille masses
in the specimens from DDH2Q is easily recognisable now., Originally
these may have been masses of smaller intergrown magnetite
erystals. From the nature o the MBR/24 it is equelly reasonsble
to say that the original crystals of magnetite, now largely
replaced by martite showing strong lattice btwlnning, were once
large whole crystals.
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The above is some sort of explanation as to why you
should get martitisetion of former magnetite progressing along
s “smooth front® in one case and as a"lattice replscement® in
another, Vhat causes the martitigation of the magnetite is
perhaps more Aifficult to answer, From my examination of the
specimens at the gsurfece of DDH20 and those odd ones down o
approximately 800%', I feel that it is reasonable to suggest
that the martitisation of the magnetite bears no relation to the
present surface of erosion, for in this case an increase in the
amount of magnetite with depth should be in order., This increass
as I have indicated is Just not the case. Also the examination
of' the sections seoms to indicate that magnetite under surface
oxidising oconditions tends to be replaced by limonite in preference
to hematite, While hematite replaced the magnetite orlginally,
under the present conditions it would seem that megnetite is
more likely to be replaced by limonite, ZExemples are meen where
the ocuter rim of hematitec remains unal tered though the central
region, presumably originally a core of magnetite, has been
replaced by limonite,

The rormation of both hematite and limonite from
magnetite require oxidieing condiiions = to produce limonite you
nead the presence of water,

The experliments carried cut dy Graner would indicate tha
somewhat higher temperatures than those usually connected with
supergene processes would be necessary for the formation of
hematite (martite) from magnetite. Aleo the faet remains, as I
have now mentloned several times, that the replacement of
magnetite by hematlite in those specimens from DDH20 bears no
relation at all to the present grosion surface,

This sensibly constant, and rather large ratio of
hematite: magnetite over a depth of some 800' and the seemingly
obvious preference for magnetite to form limonite, while the
replacement by hematite may reguire higher temperatures would thus
seem 1o need a different explanation than that whioch suggests that
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supergens processes are st play,

One possible explanaition would be that our original
thought that the hematite has replaced megnetite ie at fault,
The hematite and maénetite may have existed together az a
p0lid aclution,.

Another explanation ig that the replacement of
magnetite by hematite wans an expreasion of a late retrogressive
phase in the metamorphism of the hematite quartzites. The
magnetite may have heen retirograded to hemaitite which replaced it
during the final uplift of the roldodbang metamorphosed sediments.

The martitisation may have/caused by high temperature
hydrothermal solutions. This is the explanation as per Gruner
ad Miles.

A few remarks can be mede concerning the polished
seoctions of iron ore that wers examined, toe, These were specimens
of maganiferous mid magnetic iron ore. In all cases larger crystals
of hematite were collected in & cementmf some sort or other,

In the manganiferons type pyrolusite is an important constituent of
this cement. Goethite also appears to be of some lmportsnce too.
In the magnetis iron ore the cement i» magnetite. Also in this

ore we find magnetite present as cores, Iindicating twe geners-
tione of magnetiits,

The cementing magnetite can he itrased and be seen to
give away to goethite in some sections. In other ssctions goethite
is seen giving away %o a much more powdery material, Thus we neem
to have this transition from magnetite to goethite to a finally
vory powdery hydrated material. This canbe traced from several
sections not Just the one,

The impreasion gained there¢fore is that magnetite plus
a certaln amount of pyrolusite has been intréduced ss & cement
perhape replacing quartg and then the magnetite hasb een oxidised
and hydrated to produce gosthite and finally & very powdery
hydrate which is now found as an infilling between 1 original
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hematite grains,

This is not to be regarded as an explanation of the
formation of the hematite ore bodles ~ 1t merely supporis Edwards
in his e¢laim that megnetite and pyrolusite have been introduced
into the orebodies as cementing materials at some time or othér.
Edwards (&) thinks that this magnetite of the second generation is
secondary due to itz relation to the mangeniferous material,

Too few specimens were examlned for any statementa
eoncerning the iron orea to be put forward with confidence, 1In
the manganiferous and magnetic specimens, mineral identification,
apart from the abundant hematite, and the cement of pyrelusite
and magnetite, in some cases was difficult, The hydrons iron oxides
to which the msgnetite cement seems to be hreaking down were not
absolutely identified as such,

An X-pay carried out on typical hematite ore (NBR1l)
did not give mach information about the mineral content, except ioc
confirm the presace of hematife! It Aid suggest the presence of
quarts, though not definitely. Goethite, or such 1f present, was
not mo in sufficien: amounts to register (of course, another
posaibility is that goethite was not present), The sample used
was a bulk one, for it was lmpossible to dig out any of the
interetitial powdery material which was thought to be a hydrous
iron oxide of soms sort. .

In this apecimen of txpiaal/%?gn(lnﬁll), the amount of
hematite present was high, These crystals were surrounded by the
powder I have mentioned., If this iron ure is supposed to
represent original H.Q. in which quarts has been replaced, {as
Milee would have), -then the H.Q. must have been extremely rich in
hematits, if only the interstitial materisl was introduced., IXf
however other hematite has b een introduced too, then it is
indiestinguishable from any hematite that was present origlinally.
Notelic banding suggesiing the replscerent of H.Q. was seexn,

OF SICAL AP
Genegg
The Middleback Ranges have been flown several tlimes
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aeromagnetically., The firsi comprehensive survey was carried

out by the Bureau of Mineral Resources during November 1951, This
was flown at an altitude of 1500'. The Latest survey, organised
by the S.A. Dept. of Mines was flown at 500%, and constant

terrain methods were used. The S.,A. Dept, of Mines has also done
much gravity work in the area, The sim of thase surveys is to
delineate magnetic and gravity anomalies in order to indicate

the extent and distribution of probable ors bodles,

Raturally in the interpretaiion of the asrcmagnetiic maps
a knowledge of the magnetite properties of the rocks surveyed is
important, The two main ones to be considered are -

&« The magnetic susceptibility.
be The permanent or residual megneticm pozsessed by
the rock,

The magnetie susceptibility fe s property of a magnetis
material which determines the amount of magnetieation induced in
it by s given magnetic fisld,

X = magnetliec suscept.
X = é. I = intensity of magnotiszation
H = inducing field, in this case, the eartis,

I, is the factor which determines the eize of the
magnetic anomaly, In slze and direction 1t depends on the inducing
magnetic field,

The permenent or residual magnetisation i1s s property
of rocks which they take when they originally form (and cool). The
magnetite grains in the rock act as 1ittle magnets, which become
lined up, and thus the whole rock has associated with itself a
magnetisation which 1s constant in size and direstiom - it Qoes
not depend upon the present earth's fleld at all,

Dre Button of the Physics Dept. has recently built =
magnetometer with which these two properties zan be accurately measur-
ed. To carry out an investigation properly many esmples taken
from known positions over quite a wide area would have to be
meaared, I had collecled a number of hematite guartzites specimens
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Trom Iron Baron South during the commencement of the Taconite
Survey there., Also it was originally intended to carry out
measurements on specimens iaken from DDH20 to see if any big
variation with depth of either of the properiies mentioned ecould de
traced, The specimens taken at the surfece ageain would have
provided control. Those which were measured would have been
examined in polished section. All this fell rather flat when was
found that the hematiie guartsites were too hard %o core for
specimens which must be sheped as c.ylinders if they are %o be used
and measured in the magnetometer, A few were mesasured though

and some conclusions were drawn from the resulis cbtained,

Hotes on the Magnetometer,

e Method of use,

The specimen is regarded as & magnetic dipole - it is
eut inte the shape of & qdinder. This dipole has a eertain
directional orientation in space,

The magnetometer is made up df two amall magnets. These
ars mounted on a rigid former such that they are 10 oms apart, The
magnets are of equal moment and are so arranged that these moments
act in opposite directions. For-this resson a uniform horizontal
field has no effect on the sensitive slement - onir & horizontal
field with a gradient can cause rotation., ( A vertical field has
no effect whatacever, it camnnot cause rotation in a horizontal
plane).

The gpecimen is mounted below the slement,
Simphfied and begauss the field of a dipole dies

—7 T b off ag % 3

~ the sf'fest of the specimen on the upper
(\‘ﬂa magnet of the sensitive element is
] conveniently neglected,
The s et up can thus be reduced to that
\\\ in the figure cpposite,
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The field of the dipole has an effect om
the elemeni, 1t cuuasss rotadion,

¢ The specimen (dipole) can be represented as
& vector in space. It has both a horisontal
and a vertical component. To £ind the

H resultant you must messure these two components
Both of these somponents have asscciated
fislds,.

Consider the specimen to be plased directly belg

element :
the horizontal cozponent,
= When this is in tho same dircotion as that of the
r"d slement its horigontal field causes no effeat,
¥hen 1t is at 90° it causes & positive or negeiive
affect which is maximmmm,
e The variation as you rotate the specimen through

360° 18 sinisoidal end may be represented thus.
~Na

" %./
, \\Z;/

o, dop®hding on where you begin your rotation with respect to the
horizontal composnt,

deflecton

On the specimen is marked a refercnoe line with

| i the aid of whioh you osn &stermine the original
erientation of the rook in the field. This and the
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horizontal component need not be parallel,
You start measuring with the specimen m
mounted such that thie r eference arrow
and the 0% position coincide - hence

the phase angleé. By noting this angle
you thus determine the direction of the
horizontal component with respect to the

reference line whose position you know,

the vertioal component

This will have no effeat as it's field
is everywhers perpendicular to the
element's field, and so cannot cause
rotation in a horizontal plane.

Gonslder the specimen mot to be placed directly below the sensitive

glement:

the horizontal component

This apeln has no effect when in the same
direction as the element, The maximum
effect occurs at 90%, 270°. Again if the
reference line on the specimen and the
horizontal component do not coincide, the
phase angle will be involved,

the vertical co nent

This will now have effect. Maximum effect
(or min.) is at 90% and 270%. Zero

effect im at 0°, 180°% This is regardless
of phase angle.

Hence with the specimen offset, on rotation through 360°,
you not only get the effect of ithe horigontal component which causes
it's sinusoidal variation, but added to this you have the effect

of the vertical component {actuslly the horizontal field associated
with the vertical componert ). You thus have the sum of two
ginusoidal variationas acting on the sensitive element,



Fow if you invert the specimen and again rotate, then
in this case the effect of the vertical component is r eversed,
Of course you muat reverse the order of taking readings - the
effect of the horizontal field of the horizontal component in
the 90° position when the specimen has been inverted is
equivalent to it's effect in the 270° position before the
inversion took place,

The variations caused by the horisontal ields of the
herizontal and vertical components this time are represented thus,

—

Vyf‘i/ﬂ
' r
g\v. ’_._\J 1.0, !INH‘Q‘Y

NV -
P, \\d/f Ry = H =V
N 2 l/‘fw whence R. + R, = 2B

N I 2

Actually all readings are tsken with the specimen off centre.

b. Hathematics and Theory
a. The horizontal field dueito the horizontal component
of a Aipole,
H is the horizontal component., This can be resolved into
two Turiher components, one in the "r" Adirection, the cther in
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the "9 dircotion.
Ttme,
E-%eu&-@«ﬁs ain @

hﬂﬁ%uﬂkuﬁlﬂ

»
gee later G. & 4.
ne = fﬂh sin @
l‘:
thum,
H-%lh@mﬁuosa llha@iuﬂaini
o
s o~
bud, % = 8in @

00 that the field = My (1 . u0e? o ) sinde

z3
if however @ i quite larpe as it will be,then
ea@‘?é 0
since I

w Ss6. the hovigontal field of the dlpale = X

S v
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be The horigontal field due to the vertiecal component of

a dipole,
Hr ™ 'i‘llv cos @
;.3
7 in @
- He - 'v ain
ety —— A ——
.
- Now the horizontal field of the vertical
componsnt in this case is the thing which
3 has effect,
i
D
This
2 = H, sin © + Ey cos @

= MY !3
—;—eoseaina-c- 8in @ cos @
» r

= Nv (2 cos @ sin & + cos @ 8in @)
r

= 25 (cos @ =in @)

but egain, P =3
©vos &

H = 3Mv can’!“aame
o

Suvrx
—T.-

z
Thus knowing the horizontal fields due to the horizontal snd
vertical components of the dipole (My & Mv), you can find these

o small, thus cos, &% I
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two components,
£+ The potentisl of & magnetic dipole,

> potential &t P
P = =@ < m
*r T2
= méxl~,L )
N 1‘2 2‘.“:
= B (r; - rg J

Ty T2

7 oM now, ry w2+ 1 cos @
Py,a® -1 con @

thus the potential o m. 21 con @

(re 1 008 6) (r ~ 1L con 8)

- (12 cos 2 ¢ smar1)
»
= M cos @ 21m = M
2

d. Field of a dipole,

P the potential = ¥ cos @
_-a?m

r

now, ¥ the field strengih
m = sr‘dl F

tm‘,ﬁrﬂ"@

&

SRl -
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e. Method of caleulation of Magnetie suscepiiblility
and Permanent magnetisation

flow a field of 7x10 . cerated at the bottom magnet
comprising the sensitive slement causesa deflsction of I mm
on the scale provided. {the magnetometer is cakibrated thus).
The horizontel field at the bottom magnet due to
the horisontal component of the specimen dipole

(Ph = horisontal
= Py (1) dipole moment)

The horizontal field at the bottom magnet due to the
vertiocal component of the specimen dipole

- {P_ = Vertical dipole
2 bk (2) 2 moment )
o

defleation due t0 I = dH cms
deflection due to 2 = av oms

Thus, field I = OH (7 x 1077) cersted
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1.8 Py = dy (33 X TS 16"5) oersted

ax % (K *7x 10'6 x 29

similarly, _ &

Py = &, &552 k
so that the total ant , ’ ,

E%L »
sk/da +dY£ '
x
2
ukﬁ2+b +dv dﬂ-aa-t—bz

{(a & b are ths average
dsne tlons taken in the

the susgeptibility, fngte’0s PRPSLYCAT & PhusE
this is measured when the specimen is in the 90° or

270° posn., The horizontal Field of the vertical component of
the spec. dipole is then having maximum effect,

Suppose the Adifference in deflection with a vertical
field, equal to the vertical component of the earth's Tield,
switched onand off

= d’ cms

this will be the deflection due
to a vertical dipole Pg3 induced hy this veriical field, a distance
x cms, off axis

Field 3xp -6
- o . & = 7x1l0
ot
pg = d, (7Tx107% 23

z
3:
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=k 4 % K= 20 X 7%10 "

8
Ix
T = moment / unit volumme

=p8

= Ko H vertical component of eartht's field
vol z 6 oergted
thus K, suscept, =
vol. X ’6

d, Resulis of measurementis

Corunna aste.

Note:

Dipole moment {(e.s.u. system)

SBusceptibility

m @,Nle s
m .M, U. /

CHiB,

cma.

Specimen Dipole moment _Suscept Remarke,
Moonabie porphyry
2,993 x 10™° 2,182 x 10~ same spec,
mesgured,
2.99 x 1077
Amphibolite 8,999 x 10°° 1.272 x 107%
Tor granite 3,638 x 107 7,328 x 107%
Cooks Gap
S sentet 1.502 x 10~% 8.681 x 10™5
DD20/80 9.036 x 15° 9.979 x 10™° ) Hematite
DD20/98 1.127 x 1072 1.185 x 1074 { Quartzite,
8DD20/16 2.577 x 10-2 5.549 x 104
DD20/91 1.324 x 1072 2,326 x 1074
MER 1) 8.748 x 19'3 2.365 x 10'“ Hematite ore

No measurable
effect,

2 caersted,
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Further remarks and conclusions

Only a very small number of specimens were meagured, so
that any conclusione or remarks mads on the results mus. bear ithis
serious limitation in mind. Speoimon preparaticn was the bugbear,

The hematite gquartgites vary in their values, dbut they
are among those which give the highest, In{fact they provide the
highest value obtained for the permanent magnetism, and this
specimen when viewed in polished section did not reveal outstanding
amounts of magnetite,

A point worthy of note is the high valuee obtained for the
hematite specimen. This containg a little residual magnetite~
ideally it ig olaimed that hematite is almost non magnetic, This
shows Jjust what a little magnetiie can Qdo,

Also interesting are the low values obiained for the
amphiboclite, This was a reascnably fresh specimen as they go.
Apparently l1ittle magnetite was preesent.,

Perhaps one conclusion that can dbe put forward with a
1ittle confidence, for it applies to almost every specimen measured
i8 that the value of the dipole moment is larger than that induced
by the earth's field. That is, the permaneni magnetism possessed
by the rocks is larger than that induced by the earth's magnetio
field., ¥or this very reason the direction of this permanent
magnetiem is important. For instance if it were that the permanent
magnetism was in the opposite direction to the induced megnetiem, to
take the most extreme cese, then megnetic lows would result over
highly magnetic rocks.

The magnetisation J of a rock mass in situ can be
expressed by the sum of the reversible magnetisation Kﬂa induced
by the geomegnetlc field Hys and the natural magnetisation Jn'
nemely

J = BB, + J,

The eptimation of J, may be difficult since it's intensity
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may differ from point to point,
The possibllities are that,

:ﬂ = mﬂ
3!3 P Kﬁo
Jn = KKG

In most cases the directions of Jﬁ and'né are thes same
or nearly 20. Thus the apparent suscepiibility kn can be defined by

J = Eﬂ. EQ
where X, = K + Jn
ﬁe

But in other cases, the direction Jﬁ differs appreciably
from that of BQ: they may even be opposed, as I mentioned above,
It such were the case and 1f Jﬁ?’xﬁﬂ then Jn would be of more
significance in the interpretation of the sercmagnetic maps than
would X, the susceptibility.

Apparently thiz would not seem to have m effect of any
importance as far as the Middleback Ranges are concernsd, for
the magnetic anomalies are ascoclated with the more magnetie rocks,
whers these cuicrop anyway., Further study along these lines might
prove interesting though. Oriented specimens would have to Dbe
eollected in this case,

Application to the problem of the Middlebacks
2, General Problem

It 1s fairly obvious from the resulis obtained that the
only rocks of the Middleback Range area that are capable of
producing sizable magnetic anomalies are the hematite quartzites,
This is aleo obvious from the seromagnetlc meps anyway, The large
anomalies run north-scuth and they coincide with the ranges
themselves. At odd places slong the line the anomalous values are
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much larger than the usual, for instance, the anomaly over Cemel
Hill, This effect is partly due to fact that the hematite
quartzites contain more magnetite in such placer. Thus it would
seem that any big anomaly eam, if no otherevidence is forthcoming,
be put down as being caused by hematite qusrtzites-ihis would

be one logical explanation, The actual size of the anomaly would
depend on the Adepth of the cause, and if 1t were hematite
quartzite, the magnetite content.

The maps show very clearly the general trend of the
ranges. Where the hematite quartzites have been eroded in much
places as Ximba Gap magnetic lows are found,

The Camel Hill line is also well delineaied - it would
seem that it Aies out to the west down dlp.

Ae far as the 1" » 1 mile aeromagneiic sheels are
concerned, I feel that they musi be looked wpon 8a reconnaissance
sheets only, They indlcate trends of the ranges very well and
may show the areas where the basement complex nears the surface
away from the ranges, bui the large scale and the high altituds
of flight, 1500', impose limitations. Smaller scales are necessary,
lower levels of flight: in general more detailed maps, They do
perhaps give & good indication as to which places, where the
surface geology 1is masked, warrant further Investigation. Ho
doubt the officials of ths Department of Mines linking the out~-
eropping ore north éf Iron Monarch with the learge anomaly there,
followed this up to prove the Race Course ore body. Another
anomaly still further north centering om the Corunna Hills is
8lso interesting, The Corunna Conglomerate would not be capable
of producing such a large effect, and anyway, the cause lies at a
fair depth,

As Tar as depth estimstes are concerned, they are not
necessary where the hematite gquartzites cutorop. An important
feature must be borne in mind, I feel, in those estimates based om
the mssumptlon that the responsible object is an isolated point
pole, Here where the hemstlie guartzlites, which are so very
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magnetlic, have limited depth, the lower pole is only a short distance
below the upper, and this distance is comparable with the altitude
of flight. Thus it might not be possible to neglect the effect of
the lower pole, It would have an effect along with that of the
upper pole, thus rather influencing depth estimates based on the
izolated pole theory. Thue estimates using two level flight
testing prove batter because they do provide a 1little control., The
depth of the race course anomaly when worked through by such &
method gave an answer of 1300': the XKatunga Hllle cnomaly 4OO',
and thie would sppear to be about the mark too, for drilling at
thie spot in the Katunga Hills revealed magnetic material from about
350! (to 1800%),

If the value for the race course anomsly is correct then
this means that it is due to material at depth, I do not know
how deep drilling progressed in the area but the iron ore cuteropped
at the surface., The magnetic anomaly iz probably due to more
magnetiec material, such ae hematite guaritzite, associated with the
iron ore and whieh occurs at depth,

b. The problem confined to the Race Course ares,

Several plans are submitied for inspection. Both gravity
and eeromagnetic plots are available. From these, second derivative
plote have been consiructed., In the drawing of these second
derivative plots, the formula as derived by Henderson and Zeits (9)
has been used,

The Mines Department has done a lot of drilling in this
area and & plan showing the original ocutcrops of iron ore and the
boundaries a8 inferred by drilling is also submitted,

The gravity plan clearly indicates the poasition of the
larger mass of ore, An anomaly of 3,2 milligals ie associated with
this, The second derivative plot serves to focus attention more
rigidly to this spot. The smaller mese of ore to the weat is also
outlined by both of these maps, although the anomalies arsociated
with this mass are rather smaller.

As Tar as magnetic plans are concerned, agsain there is a
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straight out total intensity plot from which has been constructed

& tecond derivative plan, The total intensity plan shows a

large anomaly - the Race Course Anomaly - of peak vaiue L300 gammas.
The second derivative plot again confines attention mors strietly

to the area (that bounded by the zero curvature contour). A

large value of 1000 gnmmna/Boo'g coilneides almoet with the gravity
high, although I think that this is due to magneti¢ material at
depth rather than the iron ors. Other values as high as 800 gammas/
500‘2 ocour which 4o not bear any relation to the iron ore (or

8o it seems from the drilling, which was very thoroughly done),

All this may appear rather weak in that I have obviouely
come at the problem forearmed, However it does prove the point
that magnetic work alone would not have been sufficient, in fact
it may have been downright mislesding in that such a large magnetic
anomaly should be obtained over a hematlite ore body., When it is
used im conjunction with the gravity method it makes a little more
sense, Actually the gravity plans, particularly the second
derivative, would have served gquite well in outlining the
boundary ¢f the northerm extension of the ore which outcrops at

00D, 0Ds It aleo given some idee of the limits of the
western body.

The g ravity method would appear {0 bBe the only reasonably
sure method of outlining the iron ore deposits then, The hematite
ore may vary in 1t's magnetic properties but it is slways of a
higher density than the surrcunding rocks. It does not sesm
reasonable te say that the hematite is nonmagnetic, or nearly so,
for it doee contain a certain amount of residusl magnetite, and
although only one szpecimen was measured, high values for the
magnetic susceptibility and reslidual magnetisation were obtained.

Prospecting for iron ore by magnetic methods is thus
limited by this factor of variable magnetic properties. The
hematite guartziies are much more msgnetic anyway: the largest
anomalies are associatel with these and this effect would tend to
swamp cutl any produced by the hematite ore, as I feel hap happened
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in the race course area,
Conclusions

I have brought out many of the points I wished to
mention here zlready. The original 1 mile sheste as put cut by
the Bureau were flown at much too high an altitude to be any good
for detailed work., That thie fact hae been realised or that this
was the real intention « that they should bé reconnaissance sheets -~
is obvious, begcause certaln perts of the area have gince been Ilown
at lower elevations. These maps sre thus now definitely useful
for determining depths by two level method. They do give an
indication where hematite guartsites or related magnetic rocks may
1ie at depth. Iron ore could be assoclated with this material but
further drilling and gravity work would have to be done. GSensible
use of gravity plans could save expensive drilling costs,

The large anomaly further north of the race course over
the Corunna Hills would appear to warrant investigation. Considering
the amount of drilling dome in t he:race course area, 1t seems that
at least one hols could have been put down, Thie is a deep seated
type and I think is not dus to the Corunna Conglomerate,

Thoss south of the Charleston Granite on the Wilton sheet
ars interesting too. They show well elongated trends, almest in line
with the ranges. In longltudinal section they show marked braeaks in
peak intenslity. The area hes not been mapped (there ie no wWilion
geological sheet, nor (owell Sheet for that matier), but it could be
that mueh of the area is zovered by alluvium, 7These too appear to
be 4due to deep seated e¢ffects, Actually, I am at & bit of a loss,
in that I Ao not kvow jJust how much work has been done by the
Mines Departmsnt in such areas, Those anomalies down south would
warrant investigation as they stand, Perhaps something has alreedy
been done and the area has proved uninteresting, although answers
to enguiries seem to indicate 1ittle agtivity except in the race
course area and about Iron Monarch, Certainly recent asromsgnetie
plans have not been plotted for this area,
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SUMARY

Bome mort of study of the rocks of the Middleback
Ranges has been attempted. This has been rather limited to the
hematite gquartxites, the most prominent rocks in the ranges proper.
These were sxamined in pobished sectlon ~ the speclmens used oame
mainly from DDH20., They were both surface and subsuriace apecinens,
In tying this mineragraphic epproach in with the later study of
the magnetic properties (ageain mainly of the hematite gquartsites)
note weeg taken of the megnetite content of the rocks. This it
wae estimated was limited to only about 1-2% of the total minerals
present = the predominant ones being hematite and quartz, This
muall amount of magnetite, 1t was found, did not vary much with
depth {over about 800!'), and it was slgo nearly the same ag the
amount prepent in those gpecimens taken at the surface at DDH20.
This would suggest that the amount of magnetite present in the
hematite gquartzites need not be dependent on the present erosion
level, thue indicating that the conversion of the original
magnetite of the hematite guertzites to hematite, is perhaps not
dependent on supergene procesces as much as others (for instance
hypogens ).

The hematite guartzites from DDH20 possoss consistently
high magnetic properties: this even in view of the fset that they
contain relatively little magnetite compared with others found in
the range ares. This suggests the facl, which has been obviocus
anyway, ithat large magnetic anomamlies will b more me associated
with these rocks than any others,

The 1 mile aeromagnetic sheets ar¢ good for large scale
reconnainsance investigation, and when used in conjunction with
lower level mape, and ground gravimetric plots, become distinctly
uselul,

The enomaly north of the race course &rea, in the
vieinity of the Corunna Hilln:yghoae southern elongated iypes on
the Wilton sheet would b ear further investigation on the surface,

The large anomalies tvo the gide of the ranges warrant
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thought too. They could be put down to basement highs (this
outerops in many sueh places), or concentrations of magnetic
meterisl in the same. Sometimes the basement where it outcrops
seems to be asmocisted with magnetic highs, other times, for
instance on the Roopenk sheet, the outoropping basement does
not bear any such relation to marked magnetic highs,
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