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SUl'!IMARY 

The Upper Ridges gold mine, 4-~ miles Vlest of Wau, has 
produced to date 181,000 tons of ore, for 75,500 oz. gold • 
Unde:gr?und ore is extracted by cut-and-fill stoping and treated 
~y mi~ling and cyaniding. Ore remaining in upper three levels 
is bein~ removed by open-cut methods •. Reserves (June 1957): 
UP?er Ridges open cut -- 46,000 tons at 0'4 OZo Au per ton; No. 2 
Adit -- 13,000 tons at a-5 oz. Au per ton. 

The mangano-calcite lodes occur in an explosion breccia 
which rests on Kaindi metasediments. Overlying the lodes is a 
large lens of porphyritic quartz-biotite andesite~ The lodes are 
t~bula: veins with local irregularities in strike, dip, and 
dimensions. Small-scale, post-ore faulting has dislocated the 
10, 3 in numerous places, particularly in the vJeathered portion 
of' the mine. 

The lodes are shallow, epithermal deposits emplaced 
by fissure filling. Gold is associated chiefly with manganese 
mineral:--;, quartz and pyri tee Other gangue minerals are ca10i te, 
galena, chalcopyrite aud spha lerite. . Near No. 7 level calcite . 
ore gives way to sulphides. Gold occurs as elect rum VJi th 60% 
Au. Chemical enrichment has not been r'ecognized in the mine by 
the writer but some mechanical concentr~tion has occurred near No~ 
2 level. 

n,,""TR ODUCT I ON 

. At the time of writing (Octobe~ 1957), the final 
c'losing of Upper Ridges Mine is under consideration. Its total 
production during 18 years of operat j.on - 75,500 fine OZSe of gold 
- is greater the) that of any other underground gold mine in the 
Territory of Papua and New Guinea, ex.cept that of the Umana mine, 
Misima, iNhich has yielded about four times as much gold but is no 
longer in production. 

The mine is situated in the Morobe District, 2.15 milos 
(4.45 miles by road) on a bearing West 190 North from the top of 
Wau airstrip. The mine buildings, located on the lower slopes 
of IvIt. Kaindi, have an elevation of 4,267 ft. above sea level. 
The climate is temperate with a yearly average maxinrum temperatur3 
of' 840F. and an average minimum temperature of 61 ;oF. The 
average annual rainfall is 82 inches. 

The slopes of the surrounding mountains are mostly 
covered with dense forest; e;~ cept for areas of sec one . -~y scrub 
or grass, VJhich are due, partly at lc.mst to the removi.;I.l of the 
primary forest by cutting, burning or landslide. 

Upper Ridges Hine underground vvorkings are located in 
the spur between Namie and Anderson t s Creeles. The ground on 
which the Mine is si tuated \vas pegged by New Guinea Goldfields 
Etd. in 1930, and is currently held by them as G.M.L. 7000 

PREVIOUS GEOLOGICAl, \NORK AND MAPPING 

The earliest geological mapping in the Upper Ridges 
area ViaS carried out for New Guinea Goldf i elds Ltd. by 
H.M. Kingsbury, who also directed the initial explors.tion Of. t he 
o'rigimil lode outcrops. His maps ond reports cover the period 
from July 1931 to June 1935. From the latter date until April, 
1938, when G . 'lham Hall, on a brief visi t from Mt. Isa, prepared 
a geological report and maps, (Hall 1938) geological information 
v./~s not systematicallY and continuously recorded by the comp8.ny., 

Reports and maps by Fisher (1938) correlate th~ 
considerable information from bores and underground workings 
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available by that time, and are the first comprehensive analysis 
of Upper Ridges geology, 

J. McDonald was the mine geologist from 1938-1941, 
during which period a new set of mine plans and sections was 
produced. 

Post-vvar geological mapping and consultation was carrj ' ' 
Otl~ Ly the Resident Geological staff' of' the Bureau of' Mineral 
Resources, first by J .E •. Thompson, and la.ter by N.J. Mackay who 
began work in March 1952:. Mackay systematically re-examined and 
brought up to date the geology of' Upper ~") ··.dges mine on a new 
series of plans (ti ine = 30 ft.) extending downwards to No. 
7 level. Since IvIaclcay.'s departure in September 1954, geological 
mapping was carried out jointly by J.G. Best and the present 
writer, as members of' the Resident Staff'. 

DE VELOP1'IEN.1 

The outcrop of the Upper Ridges Main Lode Vias found 
early in 1933 and an intensive prospecting campaign was initiated 
800n afterwards. On the ba8is of information obta.ined by 
systematic pitting and c08teaning, underground development of the 
lode began by the driving of' adi ts, at several levels, frorll the 
Namie Creek side of the spur. 

While the underground workings "livera baing developed, 
ore near the surface vIas extracted by open-cut methods c Until 
1939, glory-holes made the largest contribution of Upper Ridges 
ore to the mill; but thereafter, most ore '.fYSS obtained from 
underground sources. The open cut V! as connected by several 
winz:.es to No. 2 level which served as a ~aulage way for surfe.ce 
ore. 

In October 1941', when production was suspended owing 
to the war, worle was being carried out on :five levels :from NO$ 1 
(5130') and No.5 level (4950'). Little ore had been produced 
f'rom No~ 5 Level because the face of the drive was about 150 ft., 
from the expected position of the shoot when the mine shut down. 

When mining operations were resumed in 1948, the pre-wC'.r 
workings had almost entirely collapsed during the period of 
disuse~ It was then decided to drive a new level (No, 6) 
35 ft. oolow No. 5 level in preference to opening the Jat ter .. 
No.6 level became the main ore-trans Jort level and the old 
No. 5 level was subsequently v-wrlced as No. 6 sub-level.. Another 
adit (No.2) was driven on No.6 level from the Anderson's Creele 
side aC\d this broke through to 6/1\.-25 '.:':,:,oss-cut in 1956. 
Although ora of good grade was in No~ 2 Adit, the main value of' 
the connection wa~. for ventilation. A short drive (No. 7 level) 
was put in 45 ft. below the No. 6 level, mainly for the PU1"pose 
of exploiting Noo 2 Lode. It is connected to No~ 6 level by a 
series of rises. 

In post-war operations the emphasis has shifted from 
the Nos. 1 2. '"\ .. j 3 Levels to the lower regions of the Mineo The 
reasons ' fo; thiS change were partly the difficulty and high costs 
of' maintaining workings in the upper, more weathered zone of the 
mine, and partly the discovery of ore extensions at the lower 
levels. 

PROSPECTING 

In 1937 an extensive drilling programme was carried 
out at Upper Ridges Mine. The first s erj.es of 21 : holes was 
put down by Keystone drill; the greatest depth reached. 'lyras 
302 ft. A second series of deeper holes was sunk by d1amond 
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drill. The deepest hole in this series was 590 ft. All but 
three holes were vertical., The purpose of this progranune was to 
test the ore ahead of the vlOrkings and at depth~ (See plans and 
sections for det~ils of locatioris.) It is of interest to note 

w that many of the drill holes indicated a lower grade than Vias 
sh~wn by underc'ound sampling~ This appears to be related to the 
loss of water in the vicinity of the iode. 

Post-war drilling exploration consists of five diamond
drill holes with an aggregate length of 539 feet, put in during 
1956. The holes, all approximately horiz_ontal" were drilled on 
No. 6 level (see plates 7 & 8). Three holes were drilled from 
K-25 cross-cut and two from I-23 cross-cut. 

Viery little exploratory vJork has been carried out at 
Upper Ridges Mine. Development of the orebody was the sole source 
of geological information; even the necessity of probing for the 
continuati on of faulted lode did not encourage the use of SCO"i.lt
dr:iilling. 

MINING AND MILLING METHODS 

Ore extraction at Upper Ridges has been chiefly by cut
and-fill stopirlg with square sets. The di p of the lode is 
generally sufficiently steep to allow the ore to rill out of the 
stopes. Large quanti ties of ore hod to be left in pillars. In 
the lower levels these pillers ,;vere extracted during the final 
phases of underground mining and the stopes allowed to collapse. 
This method was impracticable in the upper levels and, consequently 
ore remnants from No. 3 level upwards could not be salvaged until 
open-cut mining (in progress since November 1957) we-s re-commencedo 

Particulary detrimental to the development of the mine 
was the practice of driving in ore with little or no exploration. 
Structural problems, variations in the attitude, dimensions 8no 
tenor of' the lode, etc. were not anticipated so that advance 
planning of main haulage-drives and extraction procedure wero not 
possible~ 

Up to 1939 Upper Ri dges are was tre3ted by direct 
cyanide leaching in vats, ~ith coarse crushing only. The 
oxidiz.ed, manganiferous are, largely deri ved from glory holes and 
No. '1 level, was particularly amenable to this treatment. The 
production of fresh, massive manga.no-calci t·) ore from lower levels, 
however, required the reconstruction of Golden Ridges mill to 
provide fine crushing in ball mills and classification into sands 
and slimes prior to cyanidation. This new plant was in operatioE 
only until the end of 1941, when it was dismantled by Australian 
army troops. 

Post-war milling was on a larger scale than prewar. 
The complete Edie Creek plant, which included a ball mill, large 
jaw-crusher, and e 15-head stamp battery, was installed at 
Golden Peaks and began working in April 1951. The cyanide 
treatment plant was not completed until April 1953; until that 
date, sands and slimes were stored in a tailings dam. Since 
July 1952, the mill has been treating between 3000 and 4000 
tons of are per month. For the ye...:~r July 1955 - June 1956, the 
average gold recovery was 87.6%. 

PRODUCTION, GRADE AN:;) ORE RESERVES 

Up to the end of June 1957, mining ,::J.t Upper Ridges had 
produced a total of 181,119 tons of ore ',-lith an average grsde of 
0.449 oz;. Au/ton, vvhich yielded approximately 75,500 fine ounces 
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of' goldn 

Table 1. (a) and (b) show the production details D 

TABLE.J. 

(a) Pr2d~~iQn up to October 1941 

Period Ore Average assay Total gold 
ending Tons oz. Au per content 

ton (calculated) bz" 
- ~~ .. 

Total up to 
Sept. 1938 23,689 ~496 1 'I ,793 

Jan •. -Sept o 

1939 17,079 .507 3,667 

Sept •. 1940 21,884 .436 .546 

Oct. 1941 14,786 .481 7,100 -_. --_ ... __ ~ ... _: __ • •• - _", "" • _~ __ 'H __ .,.r,,-- ' ..... __ ~ ... ~.........-. ~.- .-. - . 

Totals 77,438 .·479 

(b) Ppo~uction from April 1951 to June 1957 

Period 
ending 

Ore 
Tons 

Average Total gold 
assay ozo content 
Au per ton (calculated) 

oz. 

37,106 

Gold 
recover)' 

--" .. _._------------ -_._-------- . " 

A;', ril-
Sept. 1951 2,653 

Sept. 1952 15,790 

Sept. 1953 19,020 

Sept. 1954 20,380 

June 1955 16,854 

June 1956 17,905 

June 1957 11 ,079 

0·531 

.. 574 

0442 

~365 

.343 

.365 

.575 

1,408 

7~870 

8,1.\.04 

7,795 

5,768 

6,535 

6,375 
---.-------

Totals 103,681 .425 44 if>5 , .' 

25% 

50·9% 

~ 
60% up to 

March. 
86% in Sept" 

87-1% 

88"26% 

37-6% 

? 

--•. -----~-
Actual gold product (average assay x ~~\ : 38,410 oZe 

The pre-1941 grades and gold yield were calculated from 
mill-head ass: .ys, and the grade of post-vval~ ore was determined 
chiefly from daily grab samples. Percentage recovery for thG 
pre-1941 period is not known and actual gold production could 
not be determined~ 
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As the post-war gold production from underground workings 
was not recorded separately, the calculated gold-yield has been 
reduced br 13% (average loss since commencement of cyanide 
treatment) to obtain the actual gold yield. The low gold 
reco~ery ~ring the ye~rs 1951-53 was due to storage of gold
bearlng mlll sands untll the completion of the cyanide extraction 
plant. 

Table 2 (a) shows that the average grade was highest on 
No. 2 level, decreasing progressively downwards to No. 4 level
open cut ore having a grade intermediate between No. 2 and No.'3 
level. Calculations of grade from No.4 to No.7 level, however, 
indicate no such consistency (see Table 2b). 

TABLE 2 

(a) Production and average grade of ore from glory-holes, 
Nos. 1,2,3 and 4 levels up to October 1941. 

Total Ore 
Production 
Tons 

Average 
grade 
oz. Au/ton 

Glory holes No. 2 
& No. 1 Level 
Level 

31,770 10,116 

0.489 0.597 

No.3 
Level 

21 ,312 

0.441 

No.4 
Level 

15,240 

0.401 
-----.-.- --------

(b) Average grade of ore from Nos. 4,5,6 snd 7 Levels, 
representative of .the period 1951 to 1957. Owing to 
incompleteness of data, production totals and overall aver'ages 
cannot be given. The figures represent ore production and grade 
details obtained from the years 1953, 1955 and 1957. 

Ore 
Production 
tons 

Average 
grade 
oz. Au/ton 

No.4 
Level 

4,728 

.662 

Nos. 5 & 6 
Levels 

9,719 

.435 

No. 7 
Level 

4,80t 

The high grade of the ore from No. 2 level is undoubtedly 
the result of a mechanical concentration of gold derived from 
the friable manganese-wad at or near the surface. The overall 
variation in grade throughout the mine is too erratic, however, 
to be explained solely as a function of the depth of ore. Later 
in this report an attempt will be made to relate the variations 
to compositional and structural features. It is sufficient 
to note here that the carbonate ore at Upper Ridges tends, in 
the vicinity of No. 7 level, to be repl8.ced by sulphides. 
Although the gold content did not decrease Significantly, lack 
of facilities for treating sulphide-ore caused the suspension of 
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mining at No. 7 level. A notable exception is No. 7 lode on 
No.7 level, No" 2 Adit, which, at the time of vvritil1g, is 
persisting dS a 4-5 ft. \vide c81ci te-rhodochrosi te vein rJi th 8. ! 
positive reserve of 12,700 tons of .50 oz. ore. (~ itf."?,..+:.rlix-sr). 

TABLE 3 

Development, ore reserves, and ore production. 
comparative surrunary. 

Period 
ending 

Develop 
-ment 
(ft.) 

---- _ .. '-
Sept. 1938 2,079 

Sept. 1939 2,460 

Sept. 1940 1 ,626 

Oct. 19L!-1 101 

Sept. 1948 
Sept. 1949 51'6 
Sept. 1950 2,714 

Sept •. 1951; 4,537 
Sept. 1952 1,583 

Sept~ 1953 1,763 

Sept. 1954 2,839 

June 1955 2,456 

June 1956 3,240 

June 1957 949 

Reserves for U.R. 

1 Open Cut as at 
June 1957 

? Figures 

(? )) Pigures 

_____ ft __ ._ . __ , ___ ,_. ____________ , __ - _ 

Ore Reserves (in tons); 
Grade in oz. Au/ton. 

Positive Possible Total 
(2.) 

-_ .. 
33,000 

(.40) 
70,000 103,000 

103,000 15,000 118,000 

57,239 
(.L~1) 

15,000 72,239 

50,134 24,141 70,275 
(.37) (.28) (.31.). ) 

-

Ore T ot;:;,l 
product- ore 
ion f or prod\J .. ct 
period -ion 

(tons) to 
( b) date. 

(tons) 

23 7 689 

17,079 1~_0, 763 

21 ,884 62 7 052 

14,78'6 77,J.{·38 

' __ ~" _______ ':oo~ . " 

II 

II 

77,941 9 ,141; 87,082 fl . 

( .48) (.28 ) (.465 ) 
? ? 133,366 2,653 e,o ,091 

? ? 125",492 15,,790 95,881. 
(?)(.45) 

? ? 10n,23~ 19,020 114,90t 
(?»)(.45: 

? ? 1f2,55T 20,380 135,281 
(? (.40 

? ? 114,451 16,854 152,035 
(?),(.LJ.o) 

38,336 ? 38,336 17,905 169,940 
(.47) (.47) 

(Mainly No. Z Adit) 
13,600 2,300 15,900 11 ,17::r 1 81 ,119 

(.52) (.52?) 
0-

_ .. --- -- -----

36, 9L~0 
( .425) 

9,000 (5,94) 
.43? 

- '--- -- '" .,-'--- ._.,- .--.. 

not available. 

estimated from totals - acouracy in doubt" 
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~E.RAL GEOLOGY 

The minernlization complex of Upper Ridges involves the 
following four main pre-lode rock units. 

Kaindi Metamorphics 
Lower Ed1e Porphyry 
Upper Ridges Breccia 
Younger Porphyry. 

(a) TQ.~l(C'.indiJyretamorQhics , - .. a succ:ession of fine
grained, e}::tensively met81t1or phos e d argillaceous rocks -- fOl'ITl 
the ?8Sement throughout the MOl'obe District and are cl..lrre!1tly 
consldered to he,ve their upper age limit in tho Crete-coous ege. 
These rocks have been correlated wi th the base ment metamorDhics 
occurring in New Bri tai n, Ner! Ire land and other Darts of Hew 
Guinea (Fisher, 1943). ~ 

~t should be noted, however, t hat the age of Omung 
IvIetamorphlcs, exposed on the Kubor Ra nge, is considered by 
Rickwood (1955) to be Pre-Permian. 

In t he Wau area, the Kaindi Het 3mor i.)hics ar G reDresented 
by phyllite, s l &te, schist, recryst a llizod limestone, and 
metamorphosed tuffs. The main component is 8. blue phyllite 
consisting chiefly of quartz gr2nules and micaceous miner2.ls 
(mainly biotite) ;::i ith subordin2to pl 8.gioclase 8,nd varying nmounts 
of c hlorite, pyrite, titanite, nmgnetite, ilmenite Gnd rutile 
(Donney, 1931). Shear effects are prominent 2nd bedding is oft_~ 
locally obscured by secondary foli a tion. In the Morobe Di s trict 
the K8.indi I'iIetamorphics form a series of b road folds, trending 
generally nort h-68.st. 

(b) Lov!er Edle PorQ.h.z.rJl. Intru.sive into the Kaindi 
roclcs is the Lower Edie Porphyry -- a well cryst a llized ~uart~~ 
bioti te andesi te porphyry VJhich outcrops e~ctcnsi vely in the 
immediate vicinity but is not encountered in Situ in the mine. 
At Upper Ridges it is repr esented a s a ma jor component in the 
breccia host-rock of the lodes. It is light-brown, very hard 
when fresh, wi th occa sional s mall qu c\rtz veins. IHcroscopically 
it consists of more than 50% andesine which exhibits a general 
parallelism ond strain cra cks (Fisher, 1943). Biotite and 
quartz; phenocr;y-sts are present in appro:;c,iI;lBtely equal quantities 
and pyrite is abundant throughout. 

(c) U£1?.tt.. Rid~.§.. Breccia . 'rhe ho s t rocl: of tho 
Upper Ridges lodes is an explosion breecis comprising chiefly 
fragments of schist, blue phyllite, Lovjer Bdie Porphyr~r and 
pebbles of primary quartz. Pyrite is dissemina ted t broughout~ 
Fisher (1938 a.) hos noted that thin sections shoyv fragments of 
porphyry in which feldspars are l argely replaced by c a lcite and 
which h2ve a fine quartz-feldspar groundmass. 1!'ragments of 
l aminated schist 'Ni th alternating darl<: and f ine qU ~-1.rtz -felds p8.r 
bands are present'. S'ome fr r~gments of schist are 2.1most entirel~l 
replaced by secondary quartz . in small gra ins. Many of the 
porphyry fragments in the breccia show diffuse z.nd feldspathically 
enriched borders. In unweathered portions of the mine tho 
breccia is hard and compact. In its weathered state (as in tho 
vicinity of lode, faults, s nd surface,) it a c quirea the , 
properties of a dense clay with Ii ttle rigidity and 8. l11::'U'ked 
tendency for plastic deformation. Although the IT1ajori ty of 
fragments are conspicuously rounded, evidence that v1ater-action 
played a significant role in the deposition of the breccia is 
absent· sorting and oreferred orienta ti on of the pebbles ha ve 
not bc~n observed. In the absence of contrC:lry e videnco, it is 
suggested that the breccia represents the reconstituted product 
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of an explosively disintegrated alluvial deposit, which provided 
the rounded pebbles, together with underlyi.bg igneous and 
metamorphic rocks (which provided the larger part of the angular 
fragments and rock-flour) penetrated by the explosive vent. 

(d) Younger PorphYtl. Intrusive into the breccia is 
a porphyry which bears an important structural relationship to the 
Upper Ridges Lodes. Except for the fact that it definitely 
post-dates the breccia, the time of its emplacement is not knowne 
In composit~on it resembles the Lower Edie Porphyry, described 
above,. but 1S generally of finer grain. It is a light-grey 
rock W1 th abundant white feldspar, occasional large quartz .. 
phenocrysts, and biotite altered to anauxite (Fisher, 1938b, 
states that the biotite -- anauxite al~oration is typical in rocks 
associated with late-Tertiary mineralization in the Wau-Edie 
Creek area). Feldspar is generally completely altered to 
sericite and kaolin. Calcite occurs in the groundrnass and 
replaces biotite. Pyrite is ab1..mdant in veins and around the 
edges of other minerals. The groundmass is very fine and 
comprises chiefly feldspar and quartz. In J-25 cross-cut, No.6 
level, a lens of porphyry, strongly mineralized wi th pyrite, 
galena, and sphalerite, and carrying about 0.4 o~ gold per ton 
was encountered. The deposit was abandoned, hov~ever, because 
the sulphides upset metallurgical operations for the recovery of 
the bullion. 

The configuration of the breccia body is not known, but 
information from drill-holes and mine-workings suggest that it 
rests on an irregular bottom of Kaindi Metamorphics -- near the 
4,800 ft. horizon at Upper Ridges Mine -- which also form a wall to 
the breCCia on the west. The sections s how that the lodes tend 
to plunge towards the "corner" formed by wall and bottom. The 
body of porphyry has the same tendency but in this instance the 
metamorphic wall-rock is transgressed. 

The close association of porphyry and lode was observed 
by Kingsbury (1932) who, suggested that porphyry and ore-bearing 
liquids originated from a common, deep-seated parent-magma and 
that the ore-solutions represented tho final stages of magmatic 
differentiation, closely following the porphyry but along a 
different route. The interval between the two intrusive phases 
was long enough for the porphyry to consolidate and to act asa 
dam which localized the ore-deposit on its lower sido as can bo 
seen at Lower Ridges. In some localities of the nearby Edie 
Creek area (see sheet 1) the ore-bearing solutions escaped 
through the porphyry and moved upwards by way of more or less 
prominent fracture zones, thus forming the manganese-quartz.; 
~tringers and veins common in the "mudstone" (chlori toid schist) 
regi ons. At Upper Ridges, however, t he lode has nowhere been 
observed in contact ~ith the porphyry and only one lode-bredcia
metamorphic contact (near the portal of No. 3 level) is on 
record. 

ORE GEOLOGY 

ea) STRUCTURAL FEATURES : 

The Upper Ridges lodes are discontinuous, roughly 
tabular, bodies of variable thickness. The maximum recorded 
thickness of the lode is 26 ft. (on No.4 level). The overall 
strike of the ore-bodies is north-wes~. Dips range from 200 to 
650 to the south-west, but commonly lie in -the range 350 

-- 550
• 

An outstanding feature of the deposit is the extreme am?unt of 
local voriation in its strike, dip and shape. Undulat~ons 
along dip and strike, with resulting troughs and ridges, are 
common. The lode pinches out abruptly at several places in the 
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mine and this has caused some portions of the ore body to be 
isolated into discrete lenses. 

. . To the ~orth-west, the orebody terminates against the 
Kalndl metamorphlcs. No inst::mce of the lode transgressing Koindi 
rocks at Upper Ridges has been recorded. The single lcnovvn lode
b:ec?i~-meta~orphics,contact on No.3 level, has not yielded any 
slgnlflcant lnformatlon because of weathering. 

It is, therefore, considered unlikely that further , 
extensions of ore will be found in this direction. (~pane±x U 

~) In the south-east the lode has everywhere ended by pinching U 

out or faulting; but this observation does not imply that ore in 
that direction has been finally exhausted. The post-war finding 
and development of the orebody in No. 2 A~1t, (plate 8) though 
not necessarily an extension of the main lode in Upper Ridges West, 
offers encouragement to the search for related lodes nearby. The 
area bounded by the east-west co-ordinates I to 8.., and the north
south co-ordinates 20 to 27 (see sheet 8) 1s thought to be 
particularly worthy of deep exploration by systematic drilling. 

Faulting, generally on a small scale, has been recorded 
mainly from No. 3 level downwards. Most of the faults have a 
prominent comp""J.nent of horizontal displacement. The two largest 
faults recorded in the mine are E1 and F2. The maximum lateral 
distance over which fault Ft has been traced (with interpolations) 
is 230 ft. (on No. 6 level W.). Its dip averages 43 0 • The 
maximum distance over which the fault-plane has been traced down 
dip is 220 ft. (see section c-c'). Horizontal displacement 
ranges from 5 ft. (No.3 level) to 70 ft. (No.6 level), but most 
proved displacements are less than 10 ft. Fault E2 has a maximum 
lateral extent of 100 ft. (No. 6 level west), an average di p of 
470 , and has been traced for 160 ft. down dip (see section d-d'). 

Faulted lode-segments can be correlated only tentatively. 
Neither breccia nor lode has any features which can be matched 
across the break, and segments have been correlated by similarity 
in size and shape. The tenor of the ore is too erratic to be 
useful as a test for continuity. 

The present disposition of the lodes is largely the 
result of two phases of fracturing. The first set of fractures 
were formed in the hard, virtually unweathered breccia and served 
as ore-channels. The magnitude of the orebodies indicates that 
these :If.'ractures were long and continuous. Ground wa.ter W2.S able 
to percolate down the lode-breccia contact and numerous minor 
fractures, weathering the breccia to a depth of several hundred 
feet. The plasticity which the breccia acquired upon weathering, 
made it susceptible to slumping -- particularly in the higher 
levels. This movement resulted in the small-scale but complex 
dislocation of the lodes. 

With the development of the lower levels, the 
relationship between dislocated lode-segments became clearer 
and the earlier contention that Nos. 1,2 and 3 lodes were 
originally G single unit, has gained credence. The primary 
orebody probably consisted of several connected, parallel, 
sheet-like veins which were later dislocated by dip-faulting. 

Mackay (Geological Monthly Report, Morobe District, 
August 1953) contended that No. 2 lode is the lower portion of 
No. 1 lode which has been relatively upthrust by a fau~t v-vhose 
strike ~oincides roughly with that of the. lodes but wh~?h has a 
gentler dip. In support of this contentlon, Mackay pOlnts out 
that following No. 2 lode from No. 6 level to No. 4 level, showed 
the orebody to be truncated by ~ faul~ just abov~ No. 4 level. 
However, I am una.ble to agree wlth th~s hypothesls for the ;--

I 
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f'ell~wi~ reasens: Firstly, satisfactery evidence is lacking .of' 
centlnulty between the fault at the tep .of Ne. 2 lede and that 
at the base ?f Ne. 1 Lede. Secendly, granting its existence a 
fault extend~ng frem the tep .of .one lede te the base of aneth~r 
parallel to lt cann?t be taken as preof of overt~rust1ng whOn 
other structural. eVldence is lacking. In f::lCt, the J{,roximi ty 
of ~he metamerphlc bedrock tc the base .of No. 1 Lcde (see section 
e-e ) makes the accemmedation of a large block of' breccia __ 
downth~ust several hundreds .of feet -- most improbably. Further
more, 1 t dces not fellov", that because beth ledes are truncated 
they were .once joined. ' 

" .. Hcw the erebedy in the Ne. 2 Adit (shewn .on Plate 8) 
~ltS lnto ~he Upper Ridges picture is net clearly understecd. The 
ldea that lt may be a faulted-eff pertion .of the main erebedy in 
th~ West, has been prepesed at varicus times. Indicatiens of 
~Jer faults, have net been observed in Ne. 2 Adit and ne reason 
1S k~own why the two orebodies need be linked structurally. 

" Hall (1938~ referred te the possibility of the former 
eXlstence of a centl~uouS be~t c~ ore (presumably frem Upper Ridges 
towards the Bulole R1ver) WhlCh uos step-faulted into several 
segment~. One .of these segments would be represented by the 
Upper Rldges complex and anether by Lcwer Ridges. Extensive 
faulting en a regicnal scale in the district tse:e::ap'Pe~), 
makes the suggestion a feasible .one. Direct evidence fer the 
existence .of a majer fault which could have truncated the ledes of 
Upper Ridges and Lower Ridges is, hcwever, lacking. 

( b) MINERALOGY AND mc URRENCE QE_!JJli....QB!!. 

The essential constituents of the ore are calcite, 
manganese miner~ls, quartz, and sulphides. 

The calcite, when pure, is generally milky white and its 
texture varies frem GIDssive tc granular to cearsely crystalline 
with individual crystals of up to 3/4 inch. It occurs commenly 
as columnar or botryoidal incrustatien in cavities. In seme 
localities (e.g. stepe 4 0-20) well-formed crystals of "dcg-tooth" 
calcite are laminated by the alternatien .of transparent calcite 
with an opaque, brown mineral -- prebably sideri te -- paralJ.el to 
the crystal faces. vVhen breken the crystals tend tc f'all apart 
into several discrete rhembohedral shells with generally a cere 
of massive white calcite. 

In the unweathered zene, the rilanganese occurs as 
rhodochroSite with similar ~exture and structure te the calcite. 
It~ pink colour varies in intensity with the prepertion of 
calci te accompanying it. , In zones subject te .oxidation by 
surface weathering or circulating groundwaters, the rhedechresite 
readily decompeses te manganese oxides. In the upper levels .of 
the mine, the chief oxidatien products are n~nganite and 
pyrolusite. On the surfa.ce, hewever, the manganese occurs 
mainly as "viad". Manganese mineralization at Upper Ridges is 
intimately intimately asseciated with the .occurrence of' the geld. 

Quartz is present as irregular blebs and veinlets 
within the calcite and rhodochresite and as incrustations in 
small cavities. Its texture varies from massive to granular and 
its coleur is a ' translucent white to cclourless. It is present 
in miner quantities but ubiquitcus throughout the lode. In 
portiens of the lode where the calcite has been leached out and 
the rhodochresite .oxidized, .the quartz may be seen as skeletal 
remnants in the v,rad • . , In the Gelden Ridges area, which includes 
Upper Ridges, Andersen's Creek mine, . Homestead and Golden Peaks 
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(see sheet 1), the association of quartz and manganese wad is 
generally taken as an indication of high gold content. 

Sulphides are found throughout the lode, disseminated 
or in clusters, but commonly concentrated at the lode-breccia 
contact. The most abundant sulphide mineral is pyrite with 
galena, chalcopyrite and sphalerite in lesser amounts. ' The 
proportion of sulphide minerals generally increases downwards until 
near No. 7 level, they occur virtually to the exclusion of the 
carbonate ore. 

The gold occurs as 'electrum' in which the AU-Ag ratio 
is about 60 :' 40. The electrum (hereafter referred to as 
bullion or gold) is of microscopic dimensions and occurs free. 
Sampling throughout the mine has shown ' the gold to be closely 
associated vnth the manganese minerals, pyrite and quartz. 
Clusters of fine p!~ite crystals -- especially on No.3 level __ 
have been found to be indicative of high gold values (Fisher 
1938b) • 

No regular relationship has been found to exist between 
the grade of ore and the thickness of the lode. Fisher (1938b) 
contends that II • • • where the lode is thick and well 
mineralized, values are good and consistent. As soon as the 
lode narrows, the values die rapidly awayll. This is certainly 
true of selected instances, but as a generalization it is 
untenable (see Table 4). 

The runs of assay results from mine sampling (Upper 
Ridges assay plans, 1950, 1951) were selected because they show 
considerable variation in lode width. 

From the table it is evident that the gold-silver ratio; 
does not remain constant. This variation does not reflect a 
corresponding variation in the fineness of the bullion but merely 
indicates a local enrichment in silver-bearing sulphides. In 
this regard Thompson (1951) found that in the sulphide-rich 
portion of F-21 cross-cut {No. 6 level) gold values dropped well 
below the average but the silver content of the lode rose sharply. 
He attributes this to the presence of silver-bearing galena or 
tetrahedrite, and native silver or argentite in small quantities. 

The effect of secondary enricrunent is comparatively 
unimportant in the distribution of gold-values; the variation 
in grade is, most probably, a primary feature of the lode. 
Mechanical enrichment, however, certainly helped to produce the 
high values in upper portions of the lode. Wi th complete 
oxidation of the manganiferous parts, the calcite goes into 
solution and the ore brealcs down into an aggregate of quartz and 
manganese oxides relatively enriched in gold. Some of the gold 
thus liberated may have been carried, by percolating waters, 
into lower regions of the mine. 

It has been empirically established at Upper Ridges 
that, where the lode consists of coarsely crystalline, white 
calcite, it i~ generally barren of gold. Microscopic 
examinations of lode specimens by F.L. Stillwell (1939) show 
that manganese minerals are present in all cases where gold is 
enclosed in calcite. Given below are the summarized results 
from several relevant specimens examined by Stillwell. 

No. 11 ~ Specimen from the cross-cut through the lode on No. 2 
ItJ'lcl. Average assay : 0.52 oz. Au/ton. The specimen 
in polished section consists of dark carbonatos wi~h 
sugary quartz, pyrolusi to:, and gold. The pyrolusl. to 
occurs chiofly as a border of acicular crystals to quartz~ 
rich areas, along the edges of finely crystalline 
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No" " L;~VEL 
a • . 1;.._.·~ .. ~-.. -: ....... ·_;.·_"",_ 

3 F-18 Sub L~ 
Distance Width Au. 

of lode oz/ton 

0' 36" 0.98 
6' 4511 1.54 

11 r 30" 2.40 
48' 24" 0.96 
50' 20" 0.28 
59 ' 32" 0.30 
64' 37" Tr. 
71;' 41" Tr. 
74' 43'" 0.55 
77' 48" 0.19 
80 ' 48" 0.77 
84' 42"i ~ 0.62 
87 ' 16" 1.06 
90 ' 33" 1.54 
94' 39" 0.18 
97' 41" 0.44 

Ag" 
oz/ton 

0.90 
3.30 
1.54 
0.86 
0.22 
0.34 
Tr. 
Tr. 

0.55 
0.19 
0·59 
0.72 
0.34 
1.23 
0.28 
0.62 

" 

Distance 

8' 
9' 

15' 
20 ' 
24' 
27 ' 
31 t 

33 ' 
36' 
40' 

N o_!_lL~_\2~ ~ 

~, I-22 Dri ve 
Width Au. 

of lode oz/ton 

58 11 0.02 
36 11 0.39 
23 11 0.07 
13" 1.15 
2411 1.15 
26" 0.46 
30" 0.73 
26" 0.63 
27" 0.42 
41" 0.28 

, , 

No" 6 IE~L 
_--....._~ __ ...-:>t.-...-.. ._ .• ' . _ ._ . 

6 G-20 Winze 
Ag. Distance \hdth Au. Ag. 

oz/ton of lode oz/ton oz/ton 

0.16 0' 3311 1.02 2~03 

1.47 10' 6011 .51 .59 
0.19 15 t 62" .62 ~90 

0.13 20 ' 68"' .78 .75 
0.77 25' 56" .76 .82 
0.46 30' 49" 1~76 1.84 
0.59 35' 51" 0.21 0.55 
0.53 40' 50 11 0.04 0.34 
0.39 45 t, 27" 3.22 2~92. 
0.,36 50' 50" 0.21 0.25 

60' 35" 0.80 0.52 
70' 17" 0.35' 0.57 
75' 22" 0.90 1.03 
80' 18" 0.28 0.28 
85' 20" 3.31: 2.30 
90 ' 12" 0.52 0.50 
95' 12" ' 0.,14 0.,16 

100' 12" 0.01 0.04 



.... ~~": . .'-,l.,~~. lDd ~"; jOi··:t.·-·)~_:'.OG~ 'l'~10 gold occurs· in small, 
ul. lJ0.~ equ~a~menslonal partlcles ranglng in siz.e from 0.006 
to 0~.042. mm. 90 particles of gold Viere seen, all in the· 
calcl teo· Only two Viere associated vvi th the pyrolusite but 
these were actually surrounded by carbonate~ , 

:; Specimen from calcitic lens, more or less isolated on 
No.2 level, ca. 250 ft. east of sample 1. Average ~ssay : 
0 .. 52. oZo Au/ton. The specimen consists of crystalline 
cal?i'~e, v~ined by irregular bands. of pink rhodochrosite up 
to 2,l~o wlde. The carbonates enclose fragments of 
partla~ly replaced quartz-feldspar-biotite porphyry. lliaall 
crystals of pyrite and chalcopyrite are scattered throughout 
the carbonates as stringers ca. 1 mm. wide. A thin section 
of such a stringer revealed the presence of small amounts of 
chalcopyrite, tetrahedrite, sphalerite, and galena 
~cc,ompanying the pyri te and sometimes replacing it. 5 part
lcles of go:::'d, ranging in size from 0.002: to 0.10 mm., vvera 
obsorved~ Of these, one was in the carbonate, although 
attached to a minute grain of tetrahedri te;. 3 1Jvere enclosed 
in tetrahedrite, and one was enclosed in pyrite. 

: Core from drill-hole 18-A at 93 ft. The specimen 
consists essentially of pyrite and quartz., with a little 
ga18na~ A polished section of massive pyrite shows 
irl"ogul~r stringers of galena associated with very sub
ordin8te sphalerite crowded with inclusions of chalcopyrite. 
One particle of gold was observed embedded in pyrite. . 

~ Gore from drill-hole 20 at 130 ft. The specimen consists 
of fairly massive pyrite associated with quartz. A polished 
section showed chiefly pyrite with disseminated galena and 
associated sphalerite and chalcopyrite. Sphalerite equals 
galena in abundance and is typically studded with inclusions 
of chalcopyrite. 4 particles of gold, ranging in sizo from 
0,,001 mmo to 0.015 mm. havo bean observed embeddod in pyrite. 
A thin, discontinuous vein of gold occurs along the contact 
of the two crystals of pyrite. 

:: Core from drill-hole 26 at 109 ft. The specimen contains 
considerable calcite associated with quartz, but less pyrite 
than either No.3 or No.4, above. A polished section 
shows crude bands of pyrite separated by seams of calcite. 
Galena, not confined to the pyrite, assumes a linear form 
within tho pyrite. Sphalerite in $ubordinate amounts is 
present, crowded with inclusions of chalcopyrite. No 
gold was observed. 

Though banding is not a prominent feature of the Upper 
Ridges orebody, several instances may be mentioned. In tho G-19 
stope, Noo 4 level, white calcite alternated with black, 
manganiferous bands. The contacts between the bands are serrated 
and irregular, suggesting progressive fissure-lining. Calcite 
crystals at tho interf~ces aro commonly partly dissolved and 
fine black particles preCipitated in the cavities. Farther from 
the ;.di t, on the same level, black manganese-staini~ decr~ases 
and tho piruc tints of rhodochrOSite bec?me more pro~nont ln the 
lodeo Below No. 4 lovel, manganese oXJ.des have not been 
observed to any significant extent. 

A similar feature is found in 0-25 rise, No. 7 lev~l,. 
No 2 Adit where the 6 ft. wide rhodochrosite lode shows dlst~nct 
ba;ding pa~allel to the walls~ The bands are distingu~shed by 
slight differflnces in the manganese contont, but there lS no 
oxidationo As in the previous example,.the,conta<?t between the 
bands is serrated or botryoidal, sugges~lng ~ntermJ.ttent 
crystallization on the walls of an openlng f~ssure. 
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Replacement of tho country rock voJas prominent during the 
emplacement ?f the lode. Evidence of this process is seen at the 
contacts, WhlCh commonly show fragments of breccia in various 
stage~ ?f assimila~ion by calcite ore-mcterial. In numerous 
locall t.1CS the SOlld ore grades into stockworks of fine veinlets 
~Vhere tne lode pin?hes ou~, solid calcitic ore con~only grades • 
lnt? a. zone of prrl te-:-enrlched breccia, which, in the weathered 
r~glon~ of the mlne, 1S observable as characteristic iron-staining 
w~th Ilttle or no gold content. The breCCia is ferruginised for 
dlstancos of up to 3 ft., parallel to the walls of the lode in 
many places in the upper portions of the mine. 

. . The process of mineralization is illustrated by the log 
of a tYPlcal core through a lodo. Tho following section was 
obtained fr·om tho core of diamond drill hole No. 20. 

180-188 ft. 

188-189 ft. 

189-190 ft. 

19Q}..190' 8" . 

Lode 190'8"-191 '7" 

191 '7" - 194' 

t194 , - 196 '7" 

196'7" - 198' 

1 98 ,: - 208 ft. 

Small calcite veins in breccia. 

CalCite and quartz replaCing breCCia, 
strong p;>rri tes. 

Munganese ore with small crystals. 

Iron-stained breccia. 

Culcite, quartz and manganese, slightly 
leached. 

Mottled calci te-tilanganese oro, with strec.l;:s 
of more strongly r.~nganiferous material. 

Quartz and calcite with pyrites. 

Minoralized breccia. 

Largely coarsely crystalline calcite. 
lFisher, 1938b). 

(c) PARAGENESIS. 

The chief lode minerals are calCite, rhodochrosite, 
quartz, pyrite, and gold; rr~nganite, pyrolusite, and psilomeleno 
occur where the lode is oxidised. C)halcopYl"'i te, galena, 
sphalerite, marmatitc, and tetrahedrite are found locally und in 
subordinate q~ .ntities. 

The results from Stillwell's examination of mine 
specimens (1939) a nd drill cores indicate that the order of 
crystallization was as follows: I],uartz., gold, pyrite, calcite, 
chalcocite, and galena/sphalerite. The place of rhodochrosite 
in the sequence is not clear. 

Fisher (1:938b) gi ves the order of de posi ti on wi thin 
the main lode as : "quartz and pyrite, partly simultaneous 
rhodochrosite, which has been deposited in bands from repeated 
accessions of mineralising solutions, and calCite, showing even 
more banding in parts. Manga._i te, where observed in the 
fresh ore, seems to ba earlier than the pyrite. Gold was, in 
one or two cases, observed in close association with the 
pyrite, but in general is very difficult to detect in the ore. 
Quartz veins of a later stage of mineralization are present in 
places" • 

. Thompson (1951), from megascopic examination of mine 
ore rich in sulphides, notes that finely crystalline pyrite 
is .abundant throughout and is associated with quartz. He too, 
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suggests that quartz and pyrite are coevai. He further noted 
that the mangano-calcite was generally massive but that the 
metallic minerals and quartz were often crystalline, indicating 
that the mangano-calcite and metallio minerals with quartz belong 
to different phases of mineralizatiori. 

. In synthesis ., and from personal observations, the 
followlng sequence is proposed: quartz and pyrite more or less 
sinrultaneously; calcite closely followed by rhodochrosite (this 
order is indicated by the preponderanoe of calcite in the stock
works and the great variety of calcite-rhodochrosite mixture~ in 
the lode); chalcocite, galena and sphalerite s·I1.:-.1Ultaneously; and 
finally tetrahedrite. Judging by the inclusion in a variety of 
minerals, the gold appears to have crystallized over a oonsiderable 
periodo 

( d) -.L.;;;.;ODE=-_F...;;O:.;.;R;;;;;;IvIA;;.:;T;;.:l9li • 

The mineral assemblage, particularly the accessory 
sulphides, are characteristic of low-temperature deposits. The 
superficial nature of the breccia and the lack of evidenoe that 
great quantities have been romoved by erosion, add support to the 
conclusion that the Upper Ridges lode is an epithormal deposit 
emplaced at a relatively shallow depth. 

Fram their close association in the Golden Ridges area, 
it is reasonable to suppose that the youngest porphyry and the 
mangano-calcite lodes are genetically related. The fact that 
porphyry overlies the · lode in every instance VI/here they occur 
togother, indicates that the emplacement of the porphyry preceeded 
~nd exerted a structural control on the lode. The porphyry and 
lodes v~ere probably emplaced along a series of roughly parallel 
fractures • 
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