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PREFACE

The diapirs of the Flinders Ranges are major sedimentary
intrusive structures almost unknown outside of South Australia. One
reason for this obscurity is the fact that the intrusive nature of
the structures has been realized for only ten years. Prior to 1960
the diapirs were interpreted as thrust and fault zones, even though
the structural complexity and wide areal extend has been noticed
long before this date and is recognizable on aerial photographs
(Fig. 1). The absence of marker beds or fossiliferous horizons in
the source beds and the lack of saline or evaporite sequences are
some of the difficulties recognizing these cold intrusives. The
diapirs may represent the connecting link between salt domes and
uprising granitic bodies.
The advancement in the study of the diapir problem was made
possible only because of the support and assistance received from a
great variety of people and institutions. The author particularly
wishes to thank the following:
The Australian-American Education Foundation supported part
of my stay in Australia in the form of a Fulbright Fellowship. The
School of Earth Sciences of Macquarie University, Sydney, was the
host institution during this visit.
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Fig. 1

m

Aerial Photograph of Study Area.

•

Dr. W. C. Lacy, Head of the Department of Mining and
Geological Engineering initially called my attention to the copper
mineralization and the diapirs of the Flinders Ranges as one of
several geological problems peculiar to Australia.

As Director of

Dissertation he also gave me valuable advice throughout the study
and made many suggestions to improve the manuscript.

Helpful

suggestions for the improvement of the manuscript were also made by
Drs. W. C. Peters and J. F. Abel, Department of Mining and
Geological Engineering.
The Metallgesellschaft of Australia, Pty. Ltd. allowed
publication of data and provided assistance during the field work.
Br. M. J. Wallace, graduate student of Macquarie University,
was a coinvestigator in the cantilever creep tests and Mr. W. A. Caw,
Senior Research Scientist of C.S.I.R.O. suggested the measuring
system of the cantilever instrumentation. The Australian Iron and
Steel Pty. Ltd, allowed the use of the compression test apparatus.
Dr. F. C. Loughnan, professor of the University of N.S.W.
analyzed the clay samples. Drs. R. Vernon and K. L. Bums, senior
lecturers of Macquarie University, discussed specific aspects of the
work.
Miss G. Keena transcribed conscientiously from an almost
unreadable manuscript to this fine final form.
Finally, the writer wishes to thank Jane, not only for
proofreading the script, but also for doubling up at times as field
assistant, cook, and inspiring wife.
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ABSTRACT
2
Three small 0sO-5 km ) sedimentary intrusive complexes
related (?) to the Burr Diapir, a major asymmetrical domal structure,
have been investigated in detail. The diapiric intrusives, devoid of
igneous rocks, consist of a dolomite-rich breccia with cobble-size
siltstones, sandstones, and dolomite fragments and large (few to
hundreds of meters), bedded, dolomitic blocks. The host rocks are
mostly laminated, dolomitic, quartz siltstones, arenaceous to argillic
dolomites and massive tillites.

All rocks are of Precambrian age.

The wall rocks of the small diapirs behave passively and
brecciation or squeezing are common.

Contacts are very irregular and

contain apophyses. The Mt. Rose Mine Diapir is the only previously
known satellite diapir. Copper-bearing veins and veinlets in the
host rock and a pipe-like, mined-out, mineralized zone near the
contact are associated with that structure, which also contains
silicified, non-calcareous (bleached), and calcareous alteration
zones. Hypogene material identified from unweathered rocks include
kaolinite, montmorillonite, siderite, pyrite and chalcopyrite.

Alter

ation is associated with copper mineralization at the Vocavocana
Fracture Zone, but both copper and alteration are essentially absent
around the Yanka Diapir. Results of a small geochemical grid-survey
indicate a close correlation between anomalous copper values and the
xvii

xviii
non-calcareous alteration zone at the Mt. Rose Mine Diapir. Based
on two regional geochemical profiles the base-metal content (Cu, Pb,
Zn) is lower in the diapirs than in the host rocks, but copper and
zinc values vary considerably in all formations, including diapirs.
Nine geochemical lines testing for a distance of 75 meters from the
tillite-shale contact indicate that the average, median, and
frequencies of anomalies for copper and zinc are higher in the
tillites (Yudnamutana Sub-group) than in the shales (Tapley Hill
Formation).
All physical properties tested reveal that the host rock is
3
19
0.21 gm/cm heavier, less viscous [1.2 (dolomite) and 2.6 (shale) x 10
19
vs. 0.00244 x 10 poise], stronger (+400% tension; +1,000% compression)
and more elastic (+3,000% tension; +200% compression) than the diapiric
breccia.

A higher porosity and permeability, as indicated by small

cavities, is also suggested for the diapiric rocks.
An idealized model proposed for small diapiric intrusives
includes a wedging mechanism, interstitial fluid movement and the
summation effect of a difference in physical properties (density,
viscosity, strength, porosity-permeability) between the cold intrusive
and host rock. Dissolving and precipitation of calcareous material
is also an important aspect. Space for the uprising mass is provided
by the host rock adjusting in structurally disturbed zones
(brecciation-squeezing, shearing-folding). Mineralization and
alteration, closely related in time and space, are caused by weak,

xix
low-temperature, hydrothermal-type fluids migrating along irregular,
high, permeability regions at th.e diapiric contact. On account of
physical and chemical changes, metallic ions are leached and are
deposited along these channels which are also connected to disturbed
zones in the host rock.
The cold intrusives of the large diapirs 0*urr etc.), instead
of wedging, lift up the overlying sediments causing domal structures.
The Wooltana Volcanics overlying the source beds could have acted as
a stratigraphic sealing horizon preventing normal dewatering of the
source beds. The trigger mechanism of diapirism is thought to be
block-fault movement along geosutures.

SECTION A : DESCRIPTIVE PART
CHAPTER I
INTRODUCTION
The author's initial interest in the Northern Flinders Ranges
originates from a look at the Parachilna Geological Sheet CI:250,000;
Geological Survey of South Australia, 1966) showing various diapiric
structures and numerous small copper occurrences. On a world-wide
basis it is relatively rare that older sedimentary rocks, excluding
evaporites, intrude younger strata.

As the diapirs of the Flinders

Ranges were not recognized until fairly recently when Webb (1960)
suggested that many of the well-known breccia and crush zones of the
Flinders are actually cold intrusives, the writer perceived a need for
detailed studies of this geological phenomenon,
1. General Remarks
The initial phase of this study was associated with an explora
tion project of the Metalgesellschaft of Australia. The objectives of
this company's project were :
a) To map the formational boundaries. CThe Tindelpena Shale,
Member of the Tapley Hill Formation was envisioned to be
the host of a strata-form-type copper mineralization).
b} To map areas of known copper mineralization.

CVocavocana

Fracture Zone, Figs. 1 and 2; Mt. Rose Mine area).
1

c) To explore areas of suspected copper mineralization.
The beginning of the investigation therefore had to follow the
interest and objectives of the commercial undertaking.

The products of

this phase are :
a) Most of the geological data on the Geological Map of the
Eastern Part of the Burr Diapir (Tig* 2).
b) All of the geochemical work.
2. Aims of the Investigation
Essentially no detailed studies have been made which treat
specifically the diapiric phenomena of the Flinders Ranges.

A study

of this nature might aid greatly in the imderstanding of the diapiric
behavior of rocks in general, including granitic-type intrusives.
The abundance of surface information and the relatively small
2

size (app. 0.5 km ) of the Mt. Rose Mine Diapir makes this an ideal
area for a detailed study to determine:
a) The mechanism and possible causes of intruding diapiric
masses.
b) The interrelationship, if any, of the copper mineralization
and the diapir intrusion.
During the progress of the study, a third, unforeseen factor
became apparent, and the aim was extended to include:
cl The interrelationship, if any, of alteration to diapirism
and/or mineralization.

3

3. Scope and Method of Approach
All geological data was collected on topographic maps made
especially for the project of the Metalgesellschaft of Australia by
Qasco Air Survey (Sydney) based on a universal transverse Mercator
projection with a stated accuracy of XYZ of three meters, a scale
of 1:5000 and a contour interval of 5 meters.

The data on the Burr

Diapir (Pig- 2 is a spliced reduction) were collected on the original
scale while 1:2 enlargements were used for the detail mapping of the
Mt. Rose Mine Diapir (Figs. 3 and 4) and Yanka Diapir (Fig. 5).
'

The scope of the investigation was widened as data of the Mt.

Rose Mine Diapir and Vocavocana Fracture Zone suggest that rock
alteration is associated with mineralization.

An examination of the

available aerial photographic cover CFig. 1) revealed an area, now
called the Yanka Diapir, with a photographic expression similar to those
of the known diapirs of the Mt. Rose Mine Diapir area.

Because

copper mineralization was not known in the Yanka Diapir area, this
region seemed to be an ideal test location for the hypothesis that
alteration is related to mineralization; therefore this diapir was
mapped with an emphasis on alteration. The location of the ground study
area is shown in Fig. 6.
In order to understand the diapiric problem, the field data
were supplemented with laboratory tests including density determina
tions, uniaxial compression, tension, and creep tests and other
conventional investigations such as X-ray diffration, microscopic work
and statistical analysis of the structural data.
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4. Previous Studies
Published geological work of the study area is restricted to
explanatory notes for the Serle Geological Map (1:63,360; Geological
Survey of South Australia) by Reyner and Pitman £1953 map; 1955
report) and a short description of the copper occurrences of the
Mt. Rose Mine by Brown (1908). The work by Reyner and Pitman is
based on photogeology and associated field checks.

The diapiric

nature of the intensely crushed zones were not recognized at that
time.
After Coats (.1964) verified Webb's (1960) hypothesis of the
origin of the Blinman Dome (Diapir), the South Australian Department
of Mines regional mapping program was revised to stress crushed zones
previously not mapped as diapirs. The Mt. Serle Military Sheet has
been included in this scheme. A preliminary map, covering only the
northern half of the Mt. Serle Sheet was available to this writer.
5. Definition and Conventions Used in This Study
A-breccia

Breccia (autochthonous) made-up entirely of rock
fragments of the host rock.

Diapiric material is

essentially absent.
Alteration

A change, of the miyieralogi.cal constituents, different
from regularly weathered rocks in the study- area. A
genetic significance is not attached to the term.

D-breccia

Breccia (diapiric)derived from or related to cold
intrusiyes.

Diapir

A structurally complex zone which. contains brecciated,
crushed, complexly deformed or undeformed sedimentary
rafted fragments or a combination of these. The
lithological character differs from the surrounding host
rock containing such a zone. Diapiric structures,
piercement structures or cold intrusives are synonyms.

Diapiric

A coarse-grained, holocrystalline rock mass containing

lubricant

essentially dolomite. Structure and directional fabric
are absent.
2

Satellite

A relatively small C9-5 Ion

diapir such as the Mt.

diapir

Rose Mine or Yanka Diapirs.

Dip and

Notations are based on a continuous 360° division. Non-

strike

directional strike lines (bedding, joints, faults) are
quoted from 000 to 179°, while directional strike lines
are quoted from 000 to 359°. The dip follows a three
digit number separated by a slash and the dip direction.
Example: 070/60N

=

N 70° E dipping 60° northerly

110/20S

« S 70° E dipping 20° southerly

220/84

=

an axis plunging 84° in the S 40° W
direction.

CHAPTER II
REGIONAL GEOLOGICAL SETTING
The Flinders and Mt. Lofty Ranges form the only major northsouth trending mountain chain of South Australia. The east-west
division between these ranges and the division between the Northern
and Southern Flinders Ranges is ambiguous and the'physiographic
terminology is carried over from the days of the explorers. The
separation of the Mt. Lofty Ranges from the Flinders Ranges around
Pt. Pirie-Peterborough appears to have some geological significance.
On the other hand, the division of the Northern and Southern Flinders
Tid
Ranges, at approximately the 32
meridian has no geological basis.
Readers wishing more information are referred to the Handbook of
South Australian Geology (Parkin, 1969, ed).
1. The Adelaide Geosyncline
The concept of the Adelaide Geosyncline, denoting a mobile belt
of thick, sediments of late Precanibrian to mid-Cambrian rocks, was first
introduced

by Spriggs (19521-.

More recent studies by Coats. C196S)

however, indicate that the Adelaide Geosyncline is in fact a complex
trough, with separate sub-basins. The Flinders Ranges probably represent
the central part of the ancient trough.

Table 1 illustrates the

relationship, nomenclature, and approximate thicknesses of the sediments
in the Adelaide Geosyncline.
7

Table 1. Relationships of Time Units and Major Rock Sequences of the Adelaide Geosyncline
[Data after Spxiggs ('56), Dalgarno and Johnson ('68) and Thompson ('69)]

TIME UNITS

ROCK SEQUENCES

Marioan
Adelaide System
Sturtion
(Adelaide Geosyncline)

THICKNESS (ft)
AVERAGE MT.PAINTER
REGION

Wilpena Group

10,000

15,000

Umberatana Group
Ww\AA/w* unconformity

15,000

20-25,000

8,000

10-12,000

10,000

12-15,000

Torrensian

Burra Group
A/uAfc v/vA/ v\A> local unconformity

Willouran

Upper and Lower Callana Beds

(1,400 mL years)
Carpentarian System
(Northern Territory) (1,800 ml. years)
Nullaginian
Barassa Complex (?)
(Western Australia) (2,300 ml. years) (schists, gneisses, pegmatites)
Archean
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The main structural units bordering the northern part of the
Adelaide Geosyncline are the Stuart Shelf, the Mt. Painter Block and
the Willyama Block (Fig. 7). The Stuart Shelf and the northern and
eastern areas, except for the Willyama and Mt. Painter Blocks, consist
of Carpentarian crystalline basement rocks which are overlain by a
younger sedimentary cover.

According to 'fliomson (1969, Fig. 4) these

basement rocks extend to two kilometers below sea level.
All of the rock sequences of the Adelaide Systems are present
and well exposed in the Mt. Painter and Willyama Blocks, except for
the Willouran rocks which are missing in the latter.
The major structural trend of the Willyama Block is 025°. The
southerly extension of these structures marks a notable disturbance in
the Adelaide Geosyncline.

According to Coats (1965, p. 99), only the

Lower Callana Beds behave diapirically. It is interesting to note that
no diapirs or Lower Callana Beds have been recorded south of the zone
vfliere the structural units of the Willyama Block intersect the geo
syncline.
The north-northwesterly continuation of the Adelaide Geosyncline
may have extended continuously as far north as the Amadeus Basin in the
south of the Northern Territory.

Wilson (1967) reports frequent diapiric

salt structures in the Woolnough Hills in the Gibson Desert in Western
Australia. Tillite deposits of Upper Proterozoic (?) age have been
recorded in the Gibson Desert, suggesting that the northern extension
of Adelaidean rocks might have been considerable.
From a world-wide standpoint, the following four features are
unique to the Adelaide Geosyncline:
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Fig. 7

Northern Part of the Adelaide Geosyncline Showing
Major Diapirs and Structures and Adjacent
Structural Blocks.
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a) A relatively thick, CUP

t0

60,000 feet) only slightly

(low chlorite facies) metamorphosed, structurally simple,
Precambrian and Lower Cambrian rock sequence.
b) The "absence of marked igneous activity (only the north
eastern region of the geosyncline has volcanic rocks in
the upper Callana Beds).
c) An apparently extensive deposition of fluvial-glacial
material (tillite).
d) The presence of cold intrusives in the Northern Flinders
Ranges.
2. The Burr Diapir
Compared to known diapirs occurring in the areas of the Orooroo
and Parachilan Geological Maps CDepartment 0f Mines, S.A., 1968, 1966,
1:250,000) Cs©e Fig- 7 for area covered) the Burr Diapir (Fig*

8) is

"typical" as muck as the diapiric structures of the Flinders Ranges
form "typical" structural entities. Major characteristic features
of these cold intrusives are :
a) Diapiric breccia in or near the center of an anticlinal
or domal structure.
b) Large fault(s) cutting or terminating in the main diapir.
c) Minor faults at or near the diapir-host rock contact.
d) Satellite diapirs related to the main structure.
e) A highly brecciated core with contorted, twisted or
brecciated blocks of considerable sizes.
f) Independent fault0) with diapiric material.

Unnamed Green
Gray wacke /

Study

Area
V.•••

Fig. 8

Thd Burr Diapir and Major Lithological Sequences,
CData with minor modifications after SerXe Geological
Map, Preliminary Sheet)

13
All or only some of these features may he observed at one particular
diapir.
A few features associated with the Burr Diapir suggest a
slightly different tectonic environment for this cold intrusive when
compared with other diapiric structures in the Flinders Ranges. The
features are :
a) The absence of a major fault(s).
b) The absence of separate fault(s) with or without diapiric
material.
c) The presence of irregular diapiric apophysitic off-shoots
and satellite diapirs (e.g. the Mt. Rose Mine Diapir, the
Yanka Diapir).
The main structural trends of the Northern Flinders Ranges are
000°, 035° and 070° while west of the Burr Diapir the prominent direction
is 130° and to the east, in the Mt. Painter Block, the structural units
strike 060°. In contrast, around the 30 1/4° meridian e.g. the Burr
Diapir and the Boolooloo Diapir and Fault (Fig. 7) the main trend is
090°. This fact explains the apparently slightly different (?)
features of the Burr Diapir and the implication is that the tectonic
environment of the Burr area differs from the rest of the Northern
Flinders Ranges.
Sediments of the four major time units in the Adelaide System
are present in the Burr anticline, but younger rock sequences are
missing. No evidence that the breccia and associated blocks of the
diapirs are made up of Upper or Lower Callana Beds can be given by

this author or has been cited by other workers. Reliable marker
beds are totally absent in the Callana Beds, making any positive
identification difficult, perhaps impossible.
A major unconformity, which appears to be present over the
entire Adelaide Geosyncline, separates the Stuartian from the
Torrensian rocks.

In the Burr structure this unconformity changes

from an angular disconformity to a disconformity at a region, which
appears to be the diapiric center (see error, Fig. 8).

CHAPTER III
LITHOLOGICAL DESCRIPTION
During field work one rarely has the opportunity to examine
rock samples with a petrographic microscope and make suitable
comparisons between macro and micro features.

In this respect the

present study did not differ, and macro features were the only
criteria used during the mapping phase. For this reason the macro and
micro descriptions are separated.
The nomenclature and unit boundaries shown on the Serle
Preliminary Sheet

(South Australia, 1968a, 1:46,800) were

adhered to whenever possible.

A particular search was made for the

occurrences of igneous rocks, but none were found. The lithological
description for the Tapley Hill, Amberoona Formations and the diapiric
rocks are given below, while the surficial deposits, the Yudnamutana
Sub-group and the Burra Group are described in Appendix A.
A summary of the lithological data is shown in Table 2.
1. Hie Umberatana Group
Hie youngest rock units encountered in the study area are
represented by the Umberatana Group of the Sturtian age.
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These units

Table 2. Summary of Lithological Characteristics of Study Area
DURNESS
ACS

(HIT

LX1H0L0CY

Surficial Deposits*

River gravels, sands, clays
Soils,

Aaberoooa Foraation

Interbedded calcareous silty to
arenaceous shales and sandy
carbonates.

(aeters)

CONTACT

$ (esta.)
0.1 to 0.2

REMARKS
Along river beds and bends.
Best developed above sheared,
aassive tillite.

LSuxiwa

Greenish non-calcareous audstones.
Kell-bedded gray to dark
calcareous shales sandy;
arkosic caibonates; bedded
doionitic liacstones.
bedded siliceous liaostone,
interbedded sllty shales.
Tapley Hill
Fonatlon

Interbedded silty shales and
sllty to sandy earbonate inits

(upper 200
to 400)
Cradatlonal bowdarlos.

Occasional calcareous beds with
•inor anhedral pyrite.

(botto* 110*
130}
1200 • 75

Lumpy dark liaestone utlt la
possible Barker bed 280 Meters
below upper contact.
Tindelpena Shalt
Meaber at base

Frequency and thickness of
calcareous units decreases
towards top of foraation.

217S

- Covered; placed at base •
of proninent llaestone
unit of Aaberoona
Foraation.
Upper contact of
71ndelpena Shale
Meaber not defined.

Well-laninated sllty shales
Interbedded with thin dolotite
bands toward bottoa.

Frequency and thickness of
calcareous tmlts increase toward
top of formation
Calcareous content changes froa
doloaites (bottoo) to liaestones
(top).
Euhedral pyrite abwdant in soae
shales toward bottoa.

-Well-defined; three og •<•••• '
Yudnaautane Sub*

group

Massive pebble tillite

ITS to
1500

with laalflatod thai...

IT:

-•
f w
! * 5
"w,"i,oton

, u

:

" ""d

„

Angular unconformity.

UinaiMd Doloaito*

Kall-boddod KBotonouj
doloaitos; ainor shalos and
mnicewl uiits.
Kltkir leqwAcu Of tillitic
d»lo«lti b*d b«tHHA two
arenaceous uilts.

Rippl. uiii conon
Minor aaowts of voiy-fino anhodral
pyrin throughout fonation.

2100

CI')

Uhdoflnod
Uauaod Cms*
Grayvack.

Qiloritic and sericitic, boddad
soft doloaitos (top).
Ajvnaccous bedded doloait*.

Fonation not chamtoriitie.
Uidafined

Skllle|.lM«

Maplr

Various boddod arenaceous
dolomites,
dolositic

Sllty appearand.

Inccia vlth iitanuy raft*.

Callvia ltd> la part.

iim

i:d
:32l
• SM Appmdix A for dowription.
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are called the Amberoona Formation, the Tapley Hill Formation with the
Tindelpena Shale Member and the Yudnamutana Sub-group.
Actually all shales of the Amberoona and Tapley Hill Formations
have undergone minor incipient regional metamorphism and a more precise
terminology is to designate these rocks as arenaceous slaty shales.
But as many of these rocks do not split consistently along parallel
planes and oriented micaceous minerals are only poorly developed,
this author prefers to call these rocks simply shales.
(i) The Amberoona Formation
The entire thickness (2175 meters) of this unit has been
established from Profile B CFig- 2) where sample BS-90 has been taken
from the Elatina Formation, a feldspatic quartzite with well-rounded
grains overlying the Amberoona Formation. Based on the profile and
the detailed mapping the Amberoona Formation has characteristic
lithological sequences which are outlined in Table 2.

The boundaries

between these sequences are gradational.
The main or middle sequence, representing about 85% of the
entire formation, consists of interbedded light gray to dark calcareous
shales, arenaceous shales, shaly arkosic sandstones and bedded dense
limestones or dolomitic limestones. The thicknesses of the individual
lithologic units is inconsistent and ranges from ten centimeters to
tens of meters. In general, the more massive dolomite and limestone
beds, with an average thickness between 6 to 15 meters, are more
frequent at the base of the formation.
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The basal section having an average thickness of 110 to 130
meters is a compact, slightly arenaceous, siliceous limestone sequence
containing minor silty to arenaceous calcareous shales. The actual
thickness of this sequence varies considerably due to 'squeezing'
(explained in Section A-V-1.4). Similar interbedded limestone-shale
sequences do also occur in higher stratigraphic positions.

Llthologic

characteristics for this basal and similar sections are a dull-olive
green color and topographic expressions as small (less than one half
centimeter high) sharply protruding ridges.

These features are only

observable on we11-weathered surfaces.
(ii) The Tapley Hill Formation and the Tindelpena Shale Member
The upper contact of the Tapley Hill Formation is not exposed,
however, the formational boundary has been placed at the base of the
basal section of the Amberoona Formation. The Serle Geology Sheet
(Department of Mines, S.A., 1953; 1:63,360) omits this contact because
of the similarity of the upper part of the Tapley Hill Formation and
the lower units of the Amberoona Formation. Eight kilometers west
of the Mt. Rose Mine area, the Amberoona and Tapley Hill Formations are
separated by the Balcoona Formation, a limestone unit. The existence
of this latter unit serves to validate the division between the two
formations used in the study area.
Including the Tindelpena Shale Member, the Tapley Hill Formation
is 1200

1

75 meters thick, and this thickness seems to be representative

for the Burr Diapir area.

On a general basis, the entire stratigraphic

unit consists of arenaceous and silty,carbonaceous and calcareous shales
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argillaceous and arkosic carbonates, aphanitic dark blue to black
limestones, and shaly carbonates.

The various proportions of the

detritus and carbonates is a continuous series except that pure end
members do not exist.

For the entire formation there are three

characteristic though transitional changes which are (top to bottom):
a) The carbonates are altered from calcium to magnesium and
iron.
b) The individual beds have a greater contrast in the
lithologies.
c) A decrease in the size of the detritus is associated with
an increase in the carbonate content.
About 280 meters from the upper contact is a two to five meter
thick, dark bluish-black limestone bed containing limestone fragments
(5 to 15% fragments, semi-rounded, size 3 to 20 cm). This bed, which
is the only characteristic unit of the entire Tapley Hill Formation,
has been mapped and named the 'lumpy' limestone bed.

At the Mt. Rose

Mine area, the only locality where this possible marker bed has been
observed, the bed can only be distinguished from similar calcareous
units by the peculiar texture as the surface appearance is almost
identical to that of other carbonate units.
Hie shales of the lower C22S * 50 meters) Tapley Hill Formation,
including the Tindelpena Shale Member, are very characteristic.

Even,

parallel, thin CO.3 to 0.5 mm) laminations and an almost black color
are criteria which serve for stratigraphic identification. These
shales are interbedded with 20 cm to four meters wide dolomite beds.
A characteristic dolomite bed within the shales is shown in Fig. 9..
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Fig. 9

Typical Dolomite Bed of the Tapley Hill Formation.

Note plastic and brittle deformation with healed dolomite veinlets of
dolomite bed and shear cleavage in shales.

Fig. 10

Contact of Yudnamutana Sub-group and Tindelpena Shale Member
of the Tapley Hill Formation.

Siliceous tillite with quartz grains weathers markedly differently than
shales with dolomite bands (£our at this locality).
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Pyrite, or the oxidized equivalent, occurs in the Tapley Hill
Formation as well-developed dodecahedrons, cubes and small anhedral
grains.

The euhedral pyrite grains attain a size of up to one

centimeter and larger in diameter. Hematite pseudomorphs of euhedral
pyrite are found predominantly in the well-laminated shales and the
lower dolomite bands of the Tindelpena Shale Member, while the smaller
anhedral grains are common in the calcareous-rich beds such as the sandy
dolomites.
The upper contact of the Tindelpena Shale Member is entirely
gradational and has not been delineated.

Three, less comonly four,

20 to 45 cm thick dolomite bands are interbedded with the well-laminated
shales to form the lower contact of the Tapley Hill Formation.

A well-

exposed sequence of the lower contact is shown in Fig. 10.
2. the Diapiric Rocks
All outcrops exhibiting a different lithological character
than the intruded rock have been mapped as diapiric rocks.

Most

material in the cold intrusives is thought to be of Willauran age
(Lower Callana Beds), but no positive evidence can be cited here.
(i) General description
Compared to the host rock, the exposures of the diapiric rocks
are very poor, particularly along margins and in the subsidiary
diapiric zones. Notable exceptions are the areas in the Burr Diapir
mapped as d^, Fig. 2.

The gross appearance of the diapiric rocks,

particularly of hand-size samples or small outcrops, is that of a
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crystalline igneous rock, though close examination may reveal sedimentary
features such as bedding or a sedimentary lithology. Up to 0.6 mm in
diameter rhombohedral dolomite grains are common.
(ii) Types
Based on structural and lithological differences, the cold
intrusive masses can be divided into the following three groups:
a) Highly brecciated masses.
b) Blocks or sedimentary rafts.
c) Diapiric lubricant.
Because this division is based on empirical observations, an overlap
is possible, though type (b) is fairly well defined. Data is
insufficient to-permit a dalineation of these rock types on the
geological maps.
(a) Highly brecciated masses.

These are further subdivided

into (m) mono-lithologic and Cn) multi-lithologic breccia which is
based on the variation of the breccia fragments.

As is illustrated

in Fig. 11, type (m) is the product of broken fragments of the same
stratigraphic horizon while type (n) (Fig. 12) contains rock fragments
of greatly varying lithologies.

The mono-lithologic breccias have

been observed only in the Burr Diapir. In the Yanka Diapir (Fig. 5)
a well-exposed resistent outcrop of 30Q square meters is entirely
made-up of the material shown in Fig. 12.

More commonly, this type

of breccia is we11-weathered, soft, with up to 15% mica minerals
(weathered biotite?) and is poorly exposed.

The multi-lithologic

breccia of Fig. 12 consists of gritty shales, dolomitic mudstones.

Fig. 11

1

2

Monolithic Diapiric Breccia.

3

Fig. 12

A

5

6

7

Multilithic Diapiric Breccia.

(Appr. natural size; scale in

at)
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and gritty, fine-grained dolomitic fragments witTi the matrix made up
of a mixture of small rock fragments and crystalline dolomite.
Individual dolomite grains measure up to four millimeters in diameter,
though the majority is much smaller C^O-S mm). Minor amounts of
hexagonal biotite C<0.5 mm) are also present in this particular outcrop.
The diapiric rock of the core of D.D.H. 11 (at soil-sample 62 in the
Vocavocana Fracture Zone, Fig. 2) contains fragments of different
lithologies and a dolomitic matrix high in biotite.

Of great importance

is the fact that this unweathered rock of the core has small dolomitelined cavities and irregular elongated druses with comb-structures
of white dolomite.
(b) Blocks or sedimentary rafts.

Rafted blocks may be of any

size and lithology, but dolomites or dolomite-rich rocks predominate.
Commonly dolomite has been recrystallized into large bluish grains
(up to six millimeters in diameter) which are either interlocked or
embedded with clay-rich layers. Even in the coarse-grained, holocrystalline rafts, bedding plane are still observable.

A few well-

defined rafts in the Mt. Rose Mine Diapir are shown in Fig. 13.
The areas shown as dj in Fig. 2 are regions of well-exposed
outcrops of highly contorted and twisted sediments of dolomitic
marbles containing minor to abundant sand-size detrital grains, minor
shaly beds and a few arkosic quartizite beds. It is interesting to
note, that these areas Cdj) commonly lack d-breccia and diapiric
lubricant.
(c) Diapiric lubricant. This descriptive term was adapted
during the field work (refer to definition!. These rocks are found
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Fig. 13

Mt. Rose Mine Diapir with Isolated Diapir Blocks.

Arrows point to blocks in diapir (foreground). Left hill is silicified
d-breccia and a-breccia.

Fig. 14

Inconspicuous Diapiric Outcrop.

Hammers are lying on contact between d-breccia (right) and a-breccia
(left). Note laminated appearance of a-breccia shales of the Tapley
Hill Formation in this example-.
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near the margins, of blocks adjacent to the wall rocks, in irregular
patches in the breccia or as tongue-like veins. The distribution and
extent of the lubricant is restricted to relatively small areas. A
few small breccia fragments of the coarse dolomite type may be present
in the lubricant.
The difference between diapiric and non-diapiric rocks is
often very subtle, particularly when both rock-types are brecciated.
A local knowledge of the host rock and familiarity of the diapiric
rocks are essential for detailed work. The subtle difference of these
types of outcrops is illustrated in Fig. 14.
(iii) Identification of blocks within the diapirs
"Hie lack of"fossils, characteristic marker beds, or other
positive identification features are absent for the Lower Callana Beds
(Willauran age).

Coats (1964, 1965) and Dalgarno and Johnson (1968)

cite such features as pseudomorphs after halite, melaphyres, and
tuffaceous units for identification purposes, particularly for the
Blinman Diapir. None of the features have been encountered in this
study, but, based entirely on the experience gained in the study area,
sedimentary rafts in the breccia have been identified. The relation
ship is shown in Table 3.

Table 3.

Location of Possible Non-Callana Blocks Within Diapirs

LOCATION

FORMATION IDENTIFIED
CLITHOLOGY)

Mt. Rose Mine Diapir

Yudnamutana Sub-group

REMARKS
Several blocks.

(Pebble tillite)
Vocavocana Fracture
Zone

Skillagolee Formation

One outcrop only.

(bluish bedded dolomitesilty appearance)
Unnamed Dolomite

Area strongly

(Profile-B

(sequence of sandstone

contorted.

Station 10)

conglomerate (tillite?)

Burr Diapir

quartzite i.e. marker
horizons)

CHAPTER IV
PETROGRAPHIC DESCRIPTION
Over fifty thin-sections and several sulfide-containing polished
samples were examined. A summarized description for the host, diapiric
and rocks of special interest follows. Characteristically abbreviated
petrographic data are given in Table 4, while a detailed description
for representative samples is listed in Appendix C.

Most rocks

examined come from the Mt. Rose Mine Diapir area. The location of
samples is shown on Figs. 2, 4 and 5 respectively (S - surface,
DDH - subsurface).
To differentiate the carbonates, all slides were stained with
alizarine red-s (Bauma, 1969). A few slides were also treated with
hydrofluoric acid and sodium cobaltinitride for the detection of
potassium feldspars. Some argillaceous material was identified by
X-ray refraction.
1. The Host Rocks
Shaly calcareous quartz siltstones (laminated shales) and
chloritic dolomite marbles (arenaceous to argillie dolomites) form the
principal host rocks of the Mt. Rose Mine Diapir. These two rock
types are actually the end members of an almost complete series.
Tillites are included here as at least one rafted block has been
recognized in the diapir proper (Fig. 3).
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Table 4. Abbreviated Petrographic Description

MEGASCOPIC TERM
(FIELD TERM)
SAMPLE NUMBER
LOCATION

DESCRIPTION

REMARKS

Black laioinated shale
DDH-7-124 * f
MRMD,X Fig. 4

Shaly calcareous quartz siltstone: very
angular detrital Q, f-dol; minor chl, opaque
organic material, msc (ser), trace tm,
zircon, pig; organic // bedding and cleavage;
some dol recrystallized.

Minor deformation
(see Fig. 15)

Laminated shale
S-22/5/9/1
MRMD, Fig. 4

Well bedded (laminated) chloritic quartz
siltstone: Q, f-dolo, chl, msc // bedding
pig, msc-ser-illite?, opaques (oxides);
detritus silt to v.f. sand size; Q very
angular; iron oxides // bedding.

Characteristic 'shale'
of Tapley Hill Formation
including Tindelpena
Shale Member. No
deformation.

Black pyritic shale
DDH-7-118 t
MRMD, Fig. 4

Pyritic calcareous quartz siltstone:
mineral content as sample DDH-7-124; organic
opaque material as high as 15%; remobilized
Q and f-dol aligned with anhedral py patches
// cleavage.

Strong deformation

Cream-dull shale
with oxidized pyrite
S-96 *
MRMD, Fig. 4

Micaceous quartz argillite: Q, msc-ser, chl,
iron oxides (goethite), stained clay
(illite?), oxidized subhedral py (0.2 ± mm);
trace opaque and heavy minerals; open spaces;
no carbonates; py has Q pressure fringes.

From non-carbonaceous
zone.
(Fig. 16)

Table 4. Abbreviated Petrographic Description - Continued
Greenish, laminated
shale
S-19
MRMD, Fig. 4

Shaly chloritic quartz siltstone:Q, msc,
organic material, illite (?)-Ser, minor
bi, tm; Q two size ranges (0.1 and 0.04

Incipient cleavage

Dull sheared shale
S-101
JJRMD, Fig. 4

Dolomitic quartz siltsonte: Q, f-dol (0.0015)
organic material (bleached), illite: minor
msc (detrital); cleavage observable only by
open spaces; detrital micas // bedding.

From high carbonate zone

Silicified a-breccia?
S-2a, b, c,
Fig. 4

Angular quartz muscovite siltstone breccia
with zoned, vein-type (?) quartz: Q, msc,
iron oxides (weathered product), "clay" (?);
strongly strained vein-type Q with welldeveloped zoning due to crystal growth.

From silicified zone.
Well-brecciated Tapley
Hill Shale? in diapir.
Fig. 20.

Squeezed dolomite
with deformed
veinlets
DDH-6-81 * t
MRMD, Fig. 4

Very fine-grained dolomite marble with albitedolomite-quartz veinlets: f-dol, Q major
mineral, bi (phlog?), py, rutile minor
minerals of fine-grained areas; ab, Q, dol, bi,
py in patches and distorted vn.

Squeezed dolomite
with deformed
veinlets
DDH-6-187 *
MRMD, Fig. 4

As above, except phlog with large grains;
py and rutile concentrations // bedding;
old bedding only vague.

Bedding better observed
in hand specimen.

Table 4. Abbreviated Petrographic Description - Continued
Veined and healed
dolomitic a-breccia
DDH-6-114
MRMD, Fig. 4

Biotitic (phlogopitic?) quartz dolomite
breccia: Q, f-dol, bi, etihedral py; repeated
deformation, strongly strained Q up to 4 mm
in diameter Q partially altered to ser; dol
fills cracks. Polished section: py only;
some fractured, other euhedral.

Fine-grained gritty
dolomite with
chalcopyrite on shear
planes
DDH-7-187
MRMD, Fig. 4

Quartz, albite dolomite marble: f-dol, Q, ab
rock-forming minerals; also some micas (chl,
phg and msc) euhedral py; sulfides (cp; minor
py) in irregular zones which contain also Q
and ab; sulfides replace Q and ab; some ser.
in ab. Polished section: minor py diss (0.08);
cp in minute cracks and globs around and in
5 mm long shear planes devoid of other
minerals; also isolated grains of sphalerite?

Olive green gritty
sheared dolomite
S-20 Mt. Rose Mine
Diapir, Fig. 4

Silty bedded quartz dolomite marble: f-dol
(60%), Q (25%), chl, msc, illite?,axides,
py, trace tm; part of Q grains (0.07)
elongated, angular not necessary // bedding;
dol forms matrix, no recrystallized patches

Cleavage development
observable only by
alignment of Q grains.

Sulfide sample
DDH-6-311
MRMD, Fig. 4

Polished section: py only, broken and
fractured, clay (?) replaces py at edges and
small fragments

Very fine-grained siderite
(X-ray I-D) forms main
matrix.

Sulfide sample
DDH-6-405
MRMD, Fig. 4

Polished section of washed sulfides :
py only; minor fractured, some euhedral
outline

Soft matrix; completely
argillized; some siderite.

Silicified rock

Table 4. Abbreviated Petrographic Description - Continued
D-hreccia

DDH-11-148 * t
Vocavocana Fracture
Zone (Fig. 2)

Biotitic ferroan dolomite marble breccia:
f-dol, Q and bi main constituents of matrix;
fragments are extremely small-grained
(0.01 mm) are either Q or dol rich; few
fragments; coarse,bent bi. surrounds
fragments; repeated fracturing of grains.

Alteration of biotite,
to chlorite prominent.

Multilithologic
d-breccia
DDH-11-126 *
Vocavocana
Fracture Zone
CFig. 2)

Multilithologic ferroan dolomite marble breccia: Biotite minor altered
f-dol, Q, bi, chl; minor ser, clay (?) calcite, (Fig. 17)
py; bedded shaly or Q-rich fragments;
brecciation and straining of individual grains.

Multilithologic
angular d-breccia
S-225 *
Yanka Diapir
(Fig. 5)

Multilithologic ferroan dolomite biotite
quartz breccia: f-dol, Q, bi; minor oxidized
py, apatite (?), opaque minerals, microcline;
40-60% angular, well-bedded shaly fragments.

Refer also to Fig. 12

Diapiric lubricant
and sedimentary
block or wall rock
S-86
Vocavocana Fracture
Zone; center Fig. 2

Dolomite quartz marble: f-dol and (?) Mg
dol, Q, minor oxidized py (?); dol (95%)
coarse (4.0 mm) and fine (0.02 mm aplitic
texture); Q is replaced by dol also in coarse
dol grains zones of brecciation near fine
grained borders.

Fig. 18

JDiapiric rock
S-85
Vocavocana Fracture
Zone; center Fig. 2

Dolomite quartz albite marble: f-dol, Q; minor
ab and (?) perthite, bleached (weathered?) bi,
ser; Q-rich areas; Q strongly strained and
broken, also Q overgrowth on Q, Q-rich
breccia fragments abundant iron oxides.

Silcification in progress?

Table 4. Abbreviated Petrographic Description - Continued
Greenish fine-grained
diapiric rock
S-26
MRMD, Fig. 4

Muscovite quartz mudstone: msc, (up to 85%)
Q, opaque (trace) in 0.005 mm range all
grains vague boundaries; few large grains
(0.8 mm) and colloform supergene calcite
in cracks.

From non-calcareous zone
Refer also Fig. 14 Potassic
alteration (?)

Cream compact diapiric
rock
S-16
MRMD, Fig. 4

Quartz dolomite marble: f-dol, Q, minor msc,
chl, bleached bi (phlog ?), ab, microcline,
py; Q-rich area with serrated boundaries.

Dolomitized rafted
arenaceous block

Bluish-cream dolomite
marble
S-87 *
Profile B, between
S-20 and S-21
Fig. 2

Biotite quartz dolomite marble: f-dol, bi,
Q; minor microcline, ab, magnetite,
dumorterite, apatite; holocrystalline; bi
and dumorterite throughout; magnetite
replaces Q.

High specific gravity.
Fig. 19

Mineralized sairdy
dolomite
S-88-a and b, *
1 km east of profile
B, Fig. 2

Bedded albite, quartz dolomite marble with
chalcopyrite: f- and (?) Mg-dol, ab, Q,
throughout but also in blebs; cp in blebs
has replaced dol and is now partially
replaced by limonite.

Pebble tillite
S-97, S-97-A
MRMD, Fig. 4

Unsorted sandy argillic pebble tillite:
matrix (40%): Q, msc, chl, rhombohedral
weathered dol ?, trace tin, opaques iron
oxides; grains and pebbles; Q (0.5 mm)
volcanics, sedimentary,minor pig. Q
rounded some Q very strongly strained.
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Table 4. Abbreviated Petrographic Description - Continued
Pebble tillite
S-100
MRMD, Fig. 4

Unsorted sandy sericitic pebble tillite:
matrix (55%); msc (0.002, 80%) Q (0.002),
chl; grains and pebbles: Q, volcanics,
sedimentary; some volcanics tap to 80% phlog,
some 90% ser; some Q ser at boundary.

From silicified zone

Greenish dolomite
hornfeIs with
dolomite vein
S-82 a and b *
600 m east of S-40,
Profile B, Fig. 2

Quartz phlogopite siltstone with dolomite
porphyroblasts: Q, f-dol, phlog, msc,
well-defined and transitional textural
and mineralogical change // to 5 mm wide
dolomite vein.

Metasomatic effect.

Symbols and Abbreviations
f
*
X
//
ab
bi
chl
cp
f-dol
msc
phlog

= Rock used for physical tests
= Detailed petrographic description, see Appendix C
= Mt. Rose Mine Diapir.
= Parallel to

= Ablite
= Biotite
= Chlorite
= Chalcopyrite
= Ferroan dolomite
= Muscovite
= Phlogopite

Pig

!
=

py

==

Q
ser
tm
diss
vn

==
=»
==
==
==

Plagioclase
Pyrite
Quartz
Sericite
Tourmaline
Disseminated
Vein
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(i) Quartz siltstones and related rocks (laminated shales)
Even in similar-appearing hand specimens individual samples
vary considerably both in respect to structure, grain shape and size,
and mineral content.

Opaque organic material or quartz rich laminae

are the prominent features of bedding planes.

A diamond-shaped

pattern outlined by organic material in bedding and cleavage planes
is present when the rock has been subjected to distortional forces.
The major constituents are ferroan dolomite, quartz, and
micas while organic material (estm. 3-8%), pyrite, opaque minerals
(Illmenite ?) and traces of zircon, plagioclase and tourmaline make up
the minor constituents.
The angular shape of the quartz grains (fig. 15), mostly clear
with sharp extinction, is characteristic to these shaly rocks. Grains
in the quartz-poor laminae appear to be better sorted and rounded.
Surface indications that all unaltered 'shales' contain
carbonates, is confirmed from thin-section work.

Between 35 to 45% of

unweathered rocks may be made up of ferroan dolomite (Sample DDH-7-124).
The grain size varies from minute specks on the border of the silt-size
quartz grains to recrystallized pods. In contrast to well-defined
quartz grain boundaries, the dolomite edges in unweathered rocks
(DDH samples) are obscure. This could be caused by recrystallization
of dolomite near the diapiric contact. In structurally unaffected
weathered rocks (Sample S-22/5/9/1) dolomite grains are in the quartzsize range. Large (0.15 mm) detrital muscovite flakes are only
present in some shaly rocks.
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Fig. 15

Microphotograph of Quartz-rich Shaly Chloritic Siltstone.

Notice angularity and the two size ranges of quartz. Dark area is
organic material and iron oxides (X nicols).

Fig. 16

Microphotograph of Pyrite with Quartz Pressure Fringe.

Alignment of micaceous minerals in siltstone is approximately
parallel to quartz growth (X nicols).
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Quartz pressure fringes (Fig. 16) are rare and have been
ob s e rved only at the margins of the Mt. Rose Mine Diapir e.g. sheared
or squeezed rocks.
(ii) Dolomitic marbles and related rocks
These rocks are essentially a very fine-grained quartz ferroan
dolomite marble containing patches, veinlets and distorted veinlets of
albite (Ang)» dolomite and quartz. Minor amounts of micas may be
present in the veinlet-free areas consisting of small, equaldimensional dolomite-quartz grains (0.01 ± mm). The type of mica
varies between biotite and ? phlogopite to phlogopite, muscovite ?
and chlorite. Biotite or phlogopite occur in strongly squeezed or
breceiated rocks.

Bedding is not always recognisable.

The veinlets and patches of coarse-grained material (0.25 ± mm)
can be very irregular and distorted.

Some of these areas contain an

albite mosaic devoid of other minerals, but isolated coarse quartz
and/or dolomite grains may be present at the edges.

Quartz in these

patches appear to be corroded at the edges. Some areas contain only
dolomite grains often elongated and parallel to the long direction of
the vein or patch.
Sulfides occur both as true euhedral disseminations or narrow
elongated blebs. Pyrite, almost exclusively, follows the former form
and grains as small as 0.005 mm in diameter are common. In sample
DDH-7-81 these small pyrite grains and rutile appear to be parallel
to bedding planes. Chalcopyrite, observed only in one section of the

38
core (DDH-7-187 ±) occurs in very narrow, small concentrations which
are parallel to shear planes. In the same sample the chalcopyrite
is devoid of pyrite, but isolated grains if euhedral pyrite (0.08 mm)
may be present.
(iii) Pebble tillite
Fine-grained matrix of quartz, muscovite, chlorite and dolomite
contain various amounts of quartz grains and fragments of sedimentary
and volcanic origin.

Characteristics for these rocks are that the

many, relatively large (0.5 mm) quartz grains are rounded and are
strongly strained. Quite a few are also composite grains. Rocks are
weathered to such an extent that dolomite is entirely weathered,
leaving only some iron-stained rhombohedrons.
Sample S-100, from the Mt. Rose Mine Diapir proper, has the
same gross textural appearance as specimens from the regular tillite
series, though indications of carhonates are entirely lacking.
Sericite (muscovite) is the most abundant mineral and quartz grains,
often with vague boundaries, are surrounded by the white micas. In
these rocks pebbles are entirely sericitized.
2. Diapiric Rocks
Unfortunately, in the Mt. Rose Mine Diapir cores of the
diapiric rock were altered (pyrite, very fine-grained siderite, and
kaolinite/montmorillonite) to such an extent that slide-making was
impossible. Equally unsuitable were most surface samples, except

39
a few from altered areas (Samples S-26, S-225) or rafted blocks
(Sample S-16). The d-breccia of the cores from the southern end of
the Vocavocana Fracture Zone (Fig. 2) were used for thin sections and
rock tests,
(i) Interstitial material (matrix)
The major minerals of the matrix of the d-breccia are ferroan
dolomite, quartz and biotite.

On an overall average the ratio is

7;2:1 respectively. The relative amounts vary considerably within
each sample and from sample to sample, but dolomite is always the most
abundant mineral. Minor constituents include chlorite, muscovite,
microcline, pyrite, rutile and ? apatite.
The variation in grain-size of the dolomite is a prominent
feature of this interstitial material. Grains ten to twenty times
larger than the average size of dolomite grains are common. This
contrast is to an extreme in the diapiric lubricant (Sample S-86)
where grains of the lubricant measure four ram in diameter, while
grains of the adjacent wall? rock are only 0.02 mm in diameter
(Fig. 18).
The size, distribution and grain boundaries of quartz also
yary considerably.

Individual grains can be almost evenly distributed

in the matrix (some samples DDH-11, Vocavocana F.Z., south), in pods
(Sample 225, Yanka Diapir), or form an aplitic,sub-to anhedral
crystal mesh (Sample S-86 , Vocavocana F.Z., center). In this later
sample quartz may occur as large, strongly-strained, anhedral crystals
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Fig. 17

Microphotograph; of Interstitial Material of Diapiric Breccia.

Dark areas dolomite, balsam; gray dolomite; white quartz, albite;
b-biotite. Note brecciated quartz (center) and albite (lower left)
invaded
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Fig. 18

Microphotograph of Contact Between Diapiric Lubricant and
Dolomite Quartz Marble.

Rhombohedral dolomite grains (left) are partially sheared containing
non-mobilized quartz grains (light and dark in dolomite, errors).
Large grains at left are quartz (X nicols).
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with serrated boundaries with quartz overgrowth or may contain minute
inclusions. In the diapiric lubricant well-rounded quartz with smooth
boundaries are in the large dolomite crystals and are most likely
remnants of larger quartz grains (Fig. 18).
Alteration and fracturing or brecciation of individual
mineral grains are closely related in quartz and feldspar grains. In
DDH-11 (Fig. 17) brecciated quartz grains are replaced by dolomite
and (?) muscovite. Sericitic alteration, both along grain boundaries
and throughout the whole quartz crystal, is a common relationship.
Feldspars often contain these sericitic changes.
Biotite is evenly distributed in the Yanka Diapir breccia
matrix (Sample S-225; see also Table 4, Appendix C and Fig. 12)
while concentrated around fragment boundaries in the southern end of
the Vocavocana Fracture Zone (Samples DDH-11). In the latter area,
long, often bent and crinkled, biotite flakes are prominent while
short stubby grains are common in the former area.
Alteration of biotite is well manifested in all DDH-11
samples.

Commonly the change from a brownish to a dark green color

starts at the center of biotite laths, parallel to the basal cleavage
direction. The newly formed mineral, still showing strong pleochrism,
is iron-rich chlorite.
(ii) Breccia fragments
Fragments are recognizable by their uniform small grain-size,
bedding planes and monomineralogic character. The fragments from
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the Vocavocana Fracture Zone have been subjected to more metasomatic
changes than samples from the Yanka Diapir. In the latter, bedding
plane features are well preserved. Quartz, dolomite or clay rich
laminae are interbedded. Grain sizes of individual beds differ and
grain boundaries are sharp.

Contrary to the Yanka Diapir fragments

of the Vocavocana Fracture Zone lack primary bedding features and
obscure grain boundaries are prominent. Quartz with a few mica grains
or interstitial chlorite or dolomite with shattered quartz is a
typical fragment from this area.
The shattering or breaking-up of fragments, a common feature
of individual grains in the matrix, is absent in the brecciated
fragments. The lithic fragments are surrounded by matrix material or
dolomite.
Metasomatic changes give rafted blocks (Sample S-16) a
petrographic appearance of d-breccias.

Major criteria for differ

entiating between the two rock types include

the lack of breccia

fragments, concentration of micaceous minerals and clues of bedding.
The latter factor is most prominent on cut specimens.
The lack of dolomite in Sample S-26 and the abundance of
white mica (muscovite-sericite) indicates alteration after structural
emplacement. This absence of dolomite is anomalous for diapiric rocks.
Textural features are different from the shale wall rock (Tapley Hill
Formation} refer also to Fig. 14), confirming field evidence of the
intrusive nature of this particular outcrop and strengthen the validity
of the alteration zone concept.
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3. Hocks of Special Interest
A short description of rocks with unusual textures or features
such as anomalous minerals, are covered in this section. For
additional petrographic results refer also to Table 4 and Appendix C.
As this preliminary petrographic survey reveals, considerable detailed
work remains to be done on the diapiric rocks.
A number of shaly siltstones were collected and examined
specifically for structural clues. This part of the petrographic
study was unsuccessful as only one cleavage direction could be
identified Cthe same observed in the field). Elongated detrital
Muscovite grains of sheared rocks are still parallel to bedding
planes, and often only minute short cracks, now filled with Canada
balsam, are identifiable features of cleavage.
(i) Dolomite marble with dumorterite and magnetite
This sample comes from the Burr Diapir CFig- 2) and was
collected for the "igneous" appearing texture. A 5 mm long, 2 mm
Wide tourmaline crystal, probably of schorl composition, has been
found in the same general locality.
This rock is made up of coarse-grained ferroan dolomite
X75%), quartz, biotite, microcline and minor amounts of albite,
magnetite, dumorterite and apatite. Quartz occurs as paleosome in
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isolated, fairly large (0.8 mm), euhedral magnetite grains (Fig. 19).
The dumorterite, often as very small accicular crystals, is dispersed
throughout the rock.
(ii) Quartz phlogopite siltstone with dolomite porphyroblasts and
dolomite vein.
Metasomatic changes in a dolomitic siltstone occur adjacent
to a 5 mm wide dolomite vein, not in the vicinity of a diapiric
rock.
Zonal characteristics change from disseminated dolomite with
a mica-poor area next to the vein outward to a porphyroblastic,
phlogopite rich zone (hornfelsic). Disseminated pyrite (5-8%) occurs
in a well-defined intermediate zone of three millimeter width. A
similar hornfelsic rock (DDH 7-317) occurs near the Mt. Rose Mine.
(iii) Bedded albite quartz dolomite marble with chalcopyrite
A holocrystalline marble containing patches of albite and
quartz. The only sulfide present occurs as discontinuous patches
of chalcopyrite. Isolated grains of quartz and albite in the
chalcopyrite have smooth boundaries and are the remnants of part of
the paleosome.

Dolomite has been replaced entirely by chalcopyrite

as is evident by limonite replacing chalcopyrite along well-defined
rhombohedral cleaveage planes. Quartz, albite and chalcopyrite
concentrations are parallel to bedding planes.

Fig. 19

Microphotograph of Diapiric Marble.

Euhedral magnetite with quartz paleosome. Slender crystals are
dumorterite (d). High relief dolomite; gray quartz (q) and dark
gray biotite (b) (plane polarized light).
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Fig. 20

Microphotograph of Strained Quartz with. Growth Rings.

Breccia fragments (fine grained material, top right, left-side right
and left corner) form centers of vein-type quartz growth. Note
parallel growth lines and straining in quartz (X nicols).
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Civ) Angular quartz muscovite siltstone breccia
This rock from the Mt. Rose Mine Diapir (Fig. 4) is strongly
weathered and consists of angular quartz, muscovite and "clay?"
fragments with interstitial quartz. The quartz is strongly strained
and occurs as well-defined comb structures around the shale fragments.
All interstitial vein-type quartz from the breccia has well-defined
growth zones CFig» 20) which are parallel to crystal faces. Identical
growth zones can be traced in places across several grains.

CHAPTER V
STRUCTURAL FEATURES
The structural data collected are most complete for the Mt. Rose
Mine Diapir and therefore heading 1 (A, V) emphasised the description
of this area. Headings 2 and 3 (A, V) include many observations of
the satellite and the Burr Diapirs.
Characteristics of the structures are listed in Table 5.
1. The Host Rock
Because of the difference in the physical behavior and chemical
composition of the host rock certain structural features are restricted,
absent, or are more prominent to specific rock types. In order to
describe the transitional zones the last sub-heading 1.6 (A, V) treats
these hybrid structural features and their observed relative ages.
1.1 Bedding
This primary sedimentary feature is the most prominent
structural entity for all formations except for the massive tillites
of the Yudnamutana Formation.

The well-bedded nature of the lower

units of the Tapley Hill Formation is never obliterated by shear
cleavage or extensive brecciation. Alteration actually will enhance
bedding in this rock type. Shearing, brecciation, and/or alteration
may totally obscure evidence of bedding planes in the units of the upper
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Table 5. Summary of Structural Features
MEGASCOPIC
FEATURES

RELATIONSHIP TO FORMATIONS
AND LITHOLOGIES

RELATIONSHIP TO VICINITY
OF DIAPIRS

REMARKS

Bedding

Absent in massive tillites
(Yudnamutana).
Recognisable in diapiric
blocks.

Wall rock not adjusted to
cold intrusives except in
Burr Diapir.

Enhanced by alteration in
shales Clow©*1 Tapley Hill)

Joints and
veins

Abundance decreases with
the increase of carbonate
content.

Increased disorder towards
diapir.

At least two ages.
Good correlation between
joint and veins.

Shear
cleavage

Very prominent in massive
tillites.
Different appearance in
different rock types.

Well-developed around parts
of Mt. Rose Mine Diapir.

Two prominent directions
separated by 53° at Mr. Rose
Mine Area.

Squeezed
rocks

Restricted to carbonates

Decreases away from
diapiric contact.

Minor Folds

Most prominent in
calcareous rocks and
medium-bedded units.

Decreases away from
diapiric contact.

Brecciation

Best developed in shales
and absent in dolomites.

Decreases away from
diapiric contact.

^ Deformational intensity
increases.

Occurs also in restricted
zones at a distance from
the diapiric contact.
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part of the Tapley Hill or in the Amheroona, Formation. This fact, not
observahle from Fig. 4 is only evident in the field, where strike and
dip data is more difficult to obtain near the diapiric margins.
The bedding plane data from around the Mt. Rose Mine Diapir have
been subdivided into areas of equal domains by grouping related data.
Three types of areas are recognized from the domain map CFig- 4):
a) Seven blocks with, constant attitudes

CI, HI, V, VII, VIII, and XI}.
b) Seven blocks which are a part of
cylindrical folds
(II, IV, VI, XII main folds: IV, II).
c) One area of random orientation CXIII).
1.2 Joints and Veins
The relative abundance of joints and veins depends on the nature
of the host rock and the structural setting of a particular area, such
as fault zones or vicinity of the diapiric contact. Irregular calcite
and/or quartzite veins are most abundant in areas lacking regular joints
and veins. They are common in dolomites in a-breccia around Mt. Heather
(Fig. 3) and in the dolomitic, non-shaly units.
In order to evaluate a possible relationship among veins, joints
and the distance from the cold intrusive contact, the strike of these
structural features are plotted for two separate zones. These zones,
referred to as inner and outer zones, are divided by a peripheral
boundary having the center at I.C. extrusive center, Fig. 3} and a
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radius of 750 meters. It is realized here that data is lacking for
the outer zone in the southwestern corner of Fig. 3.

From the

statistical results, shown in Fig. 21, the following factors are
evident:
a) There is an excellent correlation between the strike of
the joints and veins.
h) The major directions for both veins and joints are better
defined in the outer zone.
c) For the entire area the major strike directions of the
joints and veins are 165®, 015Q CQ10°) a*1** 065° 0*10)d) The strike directions of the outer zone are displaced
by a constant of five degrees clockwise in relationship
to the inner zone.
A constant trend in the dip or dip direction could not be
detected for either the veins or joints.
There is no prominent correlation between the joints and veins
of the host rock from the Yanka Diapir. The main strike direction is
1109 CFig- 22]. Irregular veining, a feature common around the Mt.
Rose Mine Diapir, is totally absent from the Yanka Diapir.
1.3 Shear Cleavage
(i) Characteristics
There is a great variation in the expression of shear cleavage
which may range from well-developed cleavage planes (Pig* 24) to

INNER 6 OUTER ZONES

OUTER ZONE

INNER ZONE

N

,60°

^65°
veins
n=78

-85°

veins
n = !33

veins
n=55

-80°

VI65°
N

10°

N

/I5° (young)

,60° (old)
joints
n =55

joints

n=67

—75°

veins and
joints
n = 271

-95°

115°

165°

Fig.21 Rose Diagrams of Veins and Joints of the Mt.Rose Mine Diapir Area.
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Direction of NW
end of diapir

Direction of apophosis

Bisectrix of NW
and SB end of diapir

n » 63

It's

110°
Direction of SEend
of diapir.
Fig. 22

Rose Diagram of Veins and Joints of the
Yanka Diapir Area
N
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Fig. 23

Rose Diagram of Shear Cleavage of the
Mt. Rose Mine Diapir Area.
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megascopically barely- visible traces.

The presence of cleavage in

some localities is accentuated by hematite stains (Tig. 25).
For descriptive purposes, the cleavage can be grouped into
three different categories:
a) Closely-spaced (less than one millimeter) irregular but
approximately parallel cleavage planes which,
perpendicular to the cleavage planes, have a diamondshaped appearance (Fig. 24),
b) Medium-spaced Cone

to

five centimeter) joints with a

straight linear outline (trace).
c) Weathered surfaces with small parallel resistant ridges
which are at an angle to bedding.
Type -a is the most common form and often is the only
structural feature observable in the massive tillites.

Wedge-shaped

outcrops are a common expression for these rock types. Type -c is
restricted to calcareous beds, while type -b seems to occur in zones.
"Hie attitude of the cleavage planes for the three different types is
always parallel to the prominent two directions (Pig- 23). The
dolomites with shear cleavage (type -c) do not always split parallel
to the resistant ridges and in senso stricto this feature is not true
shear cleavage.
(ii) Occurrences
Shear cleavage appears to be present, though the intensity
varies greatly, in the entire area investigated except in the diapir
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Fig. 24

We11-developed Shear Cleavage in Non-bedded Cobble Tillite.

Note wedge-shaped expression and cobbles unaffected by cleavage.

Fig. 25

Visible Traces of Shear Cleavage Left by Hematite Stains in
a Bed of the Tapley Hill Shale.

Cleavage is observed with great difficulty in thinner laminae (top and
bottom). Curved joints (middle of picture) are rare.
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proper and a-breccia.

This feature is most prominent in the massive

tillites Qfudnamutana Sub-group), particularly easterly of the
Vocavocana Fracture Zone, where the pattern of the wedge-shaped
outcrops can even be detected on aerial photographs^

Around the

Yanka Diapir data for shear cleavage is obtained with difficulties
and apparently cleavage is replaced by numerous small faults. The
absence of shear cleavage data west of Mt. Heather and the abundance
of data east and around the Mt. Rose Mine CJFig• 3) is a function both
of data collection (better outcrops, prominent cleavage expression}
and the degree of cleavage development.
(iii) General remarks and observations
For the Mt. Rose Mine Area there are two definite strike
directions (Pig- 23).

The 085° direction is more abundant but the

140° trend is consistent throughput the region.

The angle between

these two prominent trends is 55*. There is no consistency or trend
in the dip.
A difference of 10° in the strike has been observed between
the shale and thin dolomite beds of the Tapley Hill Formation,
clearly indicating the different physical behavior of these two rock
types.

Commonly the dolomite bands of the Tapley Hill contain thin,

curved dolomite veinlets (refer to Fig. 9) which have the same strike
direction as the shear cleavage in the neighboring shales.
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1.4 Squeezed Rocks and Minor Folds
The term 'squeezed rocks' is adopted here for descriptive
purposes only, connoting the deformational changes observed in
dolomite beds to which this feature is restricted. Squeezed rocks
are observed only around the Mt. Rose Mine and Yanka Diapirs.
Near the Mt. Rose Mine the writer's attention was drawn to
a well-exposed elliptical dolomite outcrop (Pigs- 26 and 27). This
outcrop has the same lithologic characteristics as the dolomite beds
in the middle of the Tapley Hill Formation and bedding planes have
the same general trend as the surrounding rocks.

Fig. 28 illustrates

the general relationship of these squeezed rocks and the influence
of the diapir.
On a smaller scale the deformed nature of the dolomites is
apparent when observing the strongly deformed veins (Tig* 29) or
tight, small folds (Pig* 30). Irregular contacts and penetrated
shale fragments in the dolomites give additional evidence of squeezed
beds.
Minor small-scale folds are only observable in the upper
Tapley Hill and the Amberoona Formations around the Mt. Rose Mine
Diapir. These folds commonly occur in the vicinities of the squeezed
dolomite rocks but are not restricted to dolomite beds.
consistency in the strike or plunge of the axes could be

No

Fig. 26

Fig. 27

Oblique Aerial Photograph of Mt. Rose Mine Area with
Irregular Outcrop of 'Squeezed' Dolomite.

Geological Sketch of Oblique Aerial Photograph.

Fig. 28

Detailed Geological Map of the Geochemical Grid West
of Mt. Heather.

Note squeezed nature of dolomite outcrop (errors). Diapiric
boundary is toward south east (bottom of Fig. 28). See Fig. 3
for location.
EXPLANATION
Dip and strike of bedding
Boundary of dolomite outcrops
• Geochemical sample point (20 by 60 meters)
Drainage
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Fig. 28

Detailed Geological Map of the Geochemical Grid West
of Mt. Heather.
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Fig. 29

Distorted Quartz Vein in Non-bedded Squeezed Dolomite Bed.
Scale: Knife is six centimeters long.

Fig. 30

Bedded Dolomite with Folds Indicating Squeezed Nature of
Rock.
Note complete s-type of fold above pencil.

determined. Strike directions of the folds, are both parallel and at
an angle to the bedding planes CFig» 4)•
1.5 Brecciated Rocks (A-breccia Type)
The we11-developed breccia of the host rock consists of very
angular cobble and pebble-size shale fragments and related rocks,
but not dolomites.

Breccia boundaries are very irregular near the

diapiric margins but linear zones do occur particularly at the
western extensions of the Mt. Rose Mine Diapir and in the southern
part of the Vocavocana Fracture Zone. Non-brecciated rock adjacent
to or between brecciated zones have the same attitude of bedding as
prevails in that area.
The relative abundance of breccia is depicted by the
frequency of breccia symbols shown on Figs. 2, 3 and 5. These
geological maps reveal that brecciation is not common to the Yanka
Diapir while the cold intrusive of the Mt. Rose Mine is almost
surrounded by breccia.
There are isolated areas in the Amberoona Formation around
the Mt. Rose Mine Diapir where certain beds (dolomitic sandy mudstones) are selectively highly fractured or shattered but not
brecciated. The adjacent rocks generally have a high calcareous
content, and therefore tend to yield plastically.
1.6 Relative Ages and Interrelationship of Structural Features
Field evidence, which might be used to establish relative
ages to structural features, is only scant. There is only one
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observation on hand indicating that one of the prominent directions
(015°) of the veining is younger than the less prominent direction
(060°). Saw-like boundaries and/or shear cleavage in the veins
reveals that some of the veins are older than the shear cleavage.
This same relationship is also observed for the squeezed rocks and
barren quartz or calcite veins i.e. veining preceded deformation
(see also Fig. 29).

Veining also cuts shear cleavage, indicating at

least two ages for the veining with respect to the cleavage. These
later veins are thinner than the older ones and commonly contain
pyrite with, or without (?) gangue (quartz, calcite). An age
relationship between the two cleavage directions could not be
detected. In summary, the following sequence is probable (oldest to
youngest):
a) Jointing,
veining (015°; barren quartz and calcite).
b) Brecciation, squeezing, minor folds, shear cleavage.
c) Jointing,
veining (060°; pyrite, quartz-calcite with pyrite).
d) Alteration.
Away from the cold intrusives in the Yudnamutana Sub-group
(tillites) shear cleavage is well-developed in the massive tillites
which are devoid of any veins.

Adjacent, intraformational, well-

bedded shales, dolomites and sandstones are jointed and contain
quartz and dolomite veins, but do not contain any indications of
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shear cleavage. A related interrelationship can be depicted from the
Mt. Rose Mine area (Fig. 3) showing that shear cleavage is absent in
brecciated zones and vice versa.
2. The Diapiric Rock
The only structural attitudes obtainable from the cold
intrusives are bedding plane directions regardless of the metamorphic
changes to which the rocks were subjected. The primary structures in
the highly contorted portions of the Burr Diapir, outlined as d^
Fig. 2, could be mapped in great detail. Bedding planes are also
preserved in breccia fragments, particularly in larger ones (see
also Fig. 11).
The drill cores (DDH 5 and 11) do not show any consistent
alignment structural trend of features such as veinlets, open
cavities or breccia fragments.

These observations of random

orientation are also confirmed from outcrop exposures.
3. The Contact Zone
(i) Introduction
During the field investigation great emphasis was placed on
the contact-relationship between the cold intrusives and the host
rock for both the Burr Diapir and the satellite.

Accurate data of

this nature greatly aids in the understanding of the emplacement
mechanism of the cold intrusives. Unfortunately, well-exposed contacts
are extremely rare.
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(ii) The satellite diapirs and the Vocavocana Fracture Zone
At the western side of the Yanka Diapir a gully clearly
exposes a very steep to vertical dip of the contact. The strike is
locally irregular but follows a well-defined direction (120°)in that
locality. This is the only place where the dip of the contact is
actually observed. Core data and the topographic pattern also
strongly support the observation that the contact is vertical or very
steeply dipping.
The strike of the contact is in most cases very irregular
and erratic.

At the Mt. Rose Mine Diapir there are no indications

that the contact is parallel to any joint or vein direction.

This

particular point is strengthened by the observations that isolated
diapiric outcrops south of the Mt. Rose Mine Diapir contact (Fig- 3)
are not elongated. Exceptions occur where a linear trend is present
e.g. at the western side of the Vocavocana Fracture Zone around
DDH. 11, the extreme western part of the Mt. Rose Diapir and at the
Yanka Diapir.
There are no indications of an adjustment by the host rock
to the cold intrusives. The strike of the bedding of the wall rock
is frequently at a steep angle or perpendicular to the contact. This
point is further emphasized by the extremely sharp contact relation
ship e.g. the width of the contact zone can be less than one half
meter.
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(iii) The Burr Diapir
Compared to the satellite diapirs, the contact of the Burr
Diapir differs in many respects.

The strike of the host rock is

almost exclusively parallel to the contact.

Dip data is lacking

because the contact is commonly a fairly wide zone and not well
defined. Hie following simplified sequence is often observed:
host rock a) Strike of host rock is parallel to contact;
dip angle increases to vertical and post
vertical (overturned).
b) A zone of minor irregularities, short faults
and minor a-breccia
(break in slope, few outcrops).
c) Discontinuous blocks of the host rock with
a- and d-breccias; some rafted fragments.
diapir

d) D-breccia and rafted fragments of the diapir.

Excluding zones (a) and (d) the contact area is about ten meters
wide.
In the vicinity of the contact, the strike of the rafters
conforms with the contact. There also seems to be a subtle change
in the texture of (?) mineralogy of the host rock near the contact as
is suggested by coarser grained carbonates. This aspect needs
additional study including subsurface data to manifest the observation.
Hie different character of the northern and southern sides of
the Burr Diapir is thought to be significant and will be discussed in

more detail in Sections B and C.

Of special interest is that in the

southern margin the dip near the diapir is vertical and overturned,
following the general pattern of a dipping marginal syncline.

In

contrast the dip on the northern side is commonly towards the diapir
i.e. southerly.

CHAPTER VI
MINERALIZATION
Copper mineralization occurs in various amounts throughout the
area and constitutes the only element of possible economic interest.
The mineralogy is relatively simple, consisting of chalcopyrite in
the primary zone, and malachite with occasional specks of azurite
and insignificant amounts of chalcocite in the secondary zone. The
gangue minerals are quartz, calcite and/or dolomite-ankerite.
1. types of Mineralization
Most primary copper mineralization is restricted to veins but
disseminated primary copper is also present.

Hie pipe-like occurrence

of the Mt. Rose Mine does not fit in to the general pattern of the
above mentioned types and is described under a separate heading.

(i) Veins
Chalcopyrite, or the oxidized products, occurs as small
irregular masses and blebs throughout the quartz and/or carbonate
veins. There apparently is a close relationship between the character
of the host rock and the gangue, i.e. the more siliceous tillite
contains only quartz veins or quartz with subordinate amounts of
carbonates, while in the more calcareous host rocks carbonate-rich
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veins predominate. Pyrite is a common associate mineral and in most
veins is the abundant sulfide.
A relationship between the abundance of chalcopyrite and the
size or attitude of veins, the gangue minerals or the amount of
pyrite could not be established.

In general, the frequency of copper-

containing veins increases toward the margins of the satellite
diapirs, though veins are not restricted to these areas. The width
of these veins ranges between one millimeter to two to four meters,
but twenty five centimeter wide veins are most common. The veins in
the Tapley Hill Shales are thinner than in other host rocks. Irregular
copper-containing veins are closely associated with the a-breccia or
structurally complex zones in the host rocks. Copper veining has not
been observed in the diapir proper.
Malachite related to veins is deposited as disseminations in
structurally complex zones and as coatings on joints or along bedding
planes. Ihis latter type is, in a couple of areas, very impressive
and has the appearance of syngenetic stratabound mineralization. It
is restricted to the Tapley Hill Shales and detailed examination
of these occurrences has shown close spatial relationship to crosscutting veins.
(ii) Disseminations
Disseminated copper mineralization of primary origin has been
observed only within the diapir in the vicinity of the contact. In

68

general, rock exposures with mineralization are sparse. Where
prospecting pits exist the extent and intensity of the copper is
limited to a few square meters in insignificant amounts.

Frequently,

only large (up to 2.5 centimeter) oxidized, well-developed pyrite
dodecahedrons occur and lack copper mineralization. The host rock of
the disseminated copper and/or pyrite occurrences is mostly a multilithologic d-breccia predominantly made up of coarse-grained dolomite.
Commonly the coarser breccia will contain larger pyrite crystals.
In contrast to the breccia containing mineralization, a newly
found, contorted sandy dolomite (marble) block in the Burr Diapir
contains elongated pea-size blebs of chalcopyrite (visual estimate
four percent copper). The rock is very compact and dense, so that
oxidation has attacked merely a thin

outer layer.

From an economic

viewpoint, the potential of this type of mineralization has the
greatest possibility for an ore-grade copper occurrence in the study
area.
2. The Mt. Rose Mine Diapir Area
The total production from the Mt. Rose Mine, the only mine
having a record of production, amounted to 548.5 tons ore containing
165.5 tons of copper (Brown, 1908, p. 95).
The production must have come from the supergene enriched zone
because "
were raised

large quantities of grey sulphurets and black oxides
This ore

45 to 52% and the dredgy stuff
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averaging from 32 to 35%
1908, p. 92).

" (Cook, 1886, as cited by Brown,

Unfortunately the present writer was not able to

inspect the underground workings.
According to Ulrich (1872, as cited by Brown 1908, p. 95)
the following geological relationships existed at the mine:
Apparently the copper ore occurs in two or three short
pipe veins running closely together or intersecting each
other and dipping, as a body, steeply W or nearly vertical.
The surface outcrops of these veins seem to have consisted
of large masses of gossan, more or less thickly impregnated
with malachite, and occasionally azurite. Of the ore
occurring at depth, (60 to 80 feet - authors note (Brown)),
a lot left near the main shaft indicates it to be an
irregular dense mixture of iron pyrites, copper pyrites, and
impure copper glance, but the iron pyrites predominates.
there is a good chance of the veins continuing at
depth. There is, however, one cause of apprehension, namely,
that the iron pyrites, which is already very abundant, might
still more increase in depth,
"
From the above description there is little doubt that the
mineralization at the Mt. Rose Mine occurred as irregular pipe-like
bodies.

Ulrich also describes that the "arenaceous banded slates

and slaty host rock are sandstones which alternate with thin bands
of dense crystalline limestone" with "indistinct dip and strike close
to the mine, whilst further off great differences in strike and dip"
strongly suggest that the main mineralized zone was at or near the
diapiric contact and that some copper, mainly secondary, was in the
Tapley Hill Shales.

CSee also Appendix B).

Insignificant copper mineralization occurs within veins and
as secondary coatings around the diapir in the host rock. (Refer
also to Fig. 3).
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2.1 Hie Vocavocana Fracture Zone
The major part of vein-type copper mineralization occurs
around the southern end and in the central part of the Fracture Zone
(see also Fig. 2) causing malachite coatings and impregnations.
Copper minerals have not been found within the cold intrusive masses.
Diapiric breccia encountered in cores contain only minor amounts of
pyrite.
2.2 The Yanka Diapir Area
This area is notably devoid of copper-containing veins.
Only a few small zones with insignificant disseminated malachitechalcopyrite are located within the diapir (Fig- 5).
2.3 The Burr Diapir and Contact Zone
The part of the Burr Diapir investigated reveals insignificant
copper mineralization, except for the dolomite block which contains
disseminated chalcopyrite Cone kilometer east of Station 10, Profile

B; Fig. 2). The exposed part of the block is about 500 to 1000
square meters. The mineralization is in blebs parallel to bedding
planes. (Refer also to Chapter IV, Sample 88}.
Around the Apex Mine copper is associated with small calcite
and quartz veins while a massive calcite mass (Fig. 2) is almost
devoid of other minerals. Other,minor copper-containing veins are at
or near the southern contact, but are absent in the northern margin.
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2.4 Hie Sediments Not Related to Cold Intrusjyes
Narrow veins Cten to thirty centimeters] containing copper
values occur throughout the area.

Commonly these are singularly

quartz and/or carbonate veins containing insignificant amounts of
copper.

One notable exception is an area in the Unnamed Dolomite

(extreme north-western side, Fig. 2) where a multiple of inter
secting thin (three to ten centimeters) veins contain fairly
massive malachite with chalcopyrite.
3. Summary
Copper mineralization occurs both in veins and as dissemin
ations.

Veins are absent in the diapir proper and occur in sparse

quantities as single entities throughout the host rock. Veining
increases in abundance around the Mt. Rose Mine Diapir. This type
of mineralization is of no economic significance, although oxidizing
processes caused important-looking malachite coatings and impregna
tions.
Disseminations are restricted to the diapiric rock and,
except for one instance, are unimportant. Detailed mapping and
subsurface information are needed to fully evaluate the economic
potential of pea-size chalcopyrite disseminated in dolomite.

Almost

all copper occurs as disseminations in the Yanka Diapir, while the
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Mt. Rose Mine is essentially devoid of this type. On the other hand,
the Mt. Rose Mine Diapir contains numerous copper-bearing veins in
the host rock and a mineralized pipe-like zone near the contact.
A summary of the copper mineralization is shown in Table 6.

Table 6. Occurrences and Characteristics of tne Copper Mineralization
AREA
Kt. Rose
Mine Diapir

CKAicomm
Scanants of
irregular blebs with
and with (?)
gangue in veins and
veinlets.
Prinary copper
nineral in Mt. Rose
Mine.

MALAOUTE
Coram; related to
veins causing
locally dissemin
ated appearance.

AZURITE
Minor in
malachite-rich
gossan float.

aiALCocra
Not observed.

Along bedding
planes of
laminated shales.

MINERALIZATION'
RELATED TO COLO
INTRUSIVES

GAKGUE

REMARKS

Veins related to
Quartz,calcite, Manganese oxide
periphery of diapir minor dolomite. veining with quarts
in host rock only.
frequently with
?yrite common
a-breccia.
Pipe-like bodies
associate.
near contact at the
Mt. Rose Mine.
Copper in diapir
proper essentially
absent.

Minor amounts in
dolomite (host)
devoid of pyrite
(core data).
Yank* Diapir Insignificant.

Insignificant.

Not observed.

Not observed.

All copper
disseminated in
the diapir proper
only.

(Quartzdolomite)

Vocavocana
Fracture
Zone.

Minor remnants
in veins.

Common on joints
bedding planes,
of host rock.

Insignificant.

Minor remnants
in veins.

In copper-bearing
veins of host rock
only.

Calcite,quartz, Large calcite masses
minor dolomite. in host rock near
contact contains
minor copper.

Burr Diapir
and margins

Pea-size dissemin
ations in one sandy
dolomite block.

Related to veins,
particularly around
Apex Mine.

Not observed.

Not observed.

Minor in diapir
proper. In veins
in southern contact
zone.

Calcite,quartz, Large (2,5cm) pyrites
dolomite.
in contact zones at
eastern end.

Minor remnants in
veins.

Veins absent in
host rock.

Massive barren calcite
at Apex Mine.
Manganese oxide veins
with quartz prominent
at southern contact
east of Vocavocana
Fracture Zone,

Remnants in veins
Noraal
sedimentary
rocks away
froa diapirs.

Cooaon on joints
in vicinity of
veins

Not observed

At centers of
Intersecting
veins at one
locality only.

N.A.

Quartz,calcite,
dolomite
(ankerite).
Quartz prominent
in siliceous
sediments,
carbonates in
calcareous
sediments.

Mostly in singular
veins.
Specular hematite
at a couple of
localities.
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CHAPTER VIX
ALTERATION
Prior to the writer's field work there were no indications
from the literature that alteration is present Csee Chapter I - 5).
Because the alteration phenomena were noticed at the initial
familiarization period around the Mt. Rose Mine area, descriptive
field notes were kept from the beginning of the mapping program.

All

of the observations pertaining to the alteration are summarized in
Table 7.
1. Characteristics of Alteration Zones
Rock alteration in the entire study area is very subtle and
megascopically identifiable mineral assemblages are lacking. The
most pronounced effects of alteration are observed around the Mt. Rose
Mine Diapir where the initial field data indicated seven different
zones. Additional field work and a comparison of rock types and
samples reduced this to three alteration zones which are applicable
for the entire study area.
(i) Silicified zone
Massive silicification is actually not common in the
silicified zone, but the presence of introduced silica and the
general hardness of the rocks justifies this designation.
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Table 7. Sununary of .Mtcration Patterns
r
Characteristics

SILICIFIED

ALTERATION,
NON-CALCAREOUS

ZONES
CALCAREOUS

ASSOCIATION

REMARKS

Carbonates absent.
Steel object does not
or only barely
scratches rock.
Zone not well developed.

Carbonates absent.
Light color and
bleached appearance.
Phyllitic appearance.
"Zebra-type" banding in
Tapley Hill shales
(Fig. 24).
Sometimes friable and
porous.

Soft friable rock mass,
low topographic position.
"Zebra-type" banding in
laminated shales.

Oxidized pyrite in
non-calcareous shales.

Oiloritic zone might
exist in diapirs.

Essentially restricted
to diapir and contact
zone.

Northern apophysis of
diapir is affected.
He11-developed areas.

Dolomitic beds commonly
unaffected.

Copper mineralization
most pronounced in
non-calcareous zone.
Manganese-quartz veining
with non-calcareous
type?

Approximately concentric
pattern around central
silicified core.
Hypogene (?) clays and
biotitic zones (?)
below weathered horizon.

Areas
Mt. Rose Mine
Diapir

Observed in non-diapiric
rock, of drill core
(DEH S).
Yanka Diapir

Essentially absent

One zone only.

Weakly developed in
one small area only.

Alteration in vicinity of
diapiric contact.

Especially mapped for
alteration patterns.

Yocavocana
Fracture Zone

Observed, but not
mapped in sufficient
detail.

Prominent around
mineralized areas.

Neakly developed in
southern part;
extensively in tillite.

Non-calcareous zone
with copper
mineralization.

Zones not delineated.

Regional

Absent.

Rare and small areal
extent.
Surrounded by calcareous
zones.
Halo around chalcocitemalachite veining.

Most abundant in massive
tillite.
Often restricted to
argillaceous units.
Bedding planes, joints
and (?) shear cleavage
may impose restrictions
(Fig. 2S).

Carbonate veins may have
calcareous halo.

Not shown in Fig. 2.

Ui
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Characteristics of this zone include:
a) Absence of carbonates;
b) Hardness (a. steel object might just barely
scratch a rock sample);
c) A high topographic position.
The abundance of iron oxides varies greatly in this zone and is
thought to be a surface effect. Patches of white amorphous quartz are
commonly associated with strongly iron-stained rocks.

This type of

rock appears at the surface to be very porous on account of leached
silica. Subsurface information Csee also Appendix A) indicates
silica-enrichment below the zone of weathering.

(ii) Non-calcareous zone
The general appearance of rocks in the non-calcareous and the
siliceous zone are very similar, though the hardness distinguishes
the two alteration zones.

Criteria of the non-calcareous zone

include:
a) Bleached appearance,
b) Absence of carbonates,
c) Light color,
d) Generally porous character, and
e) Phyllitic sheen.
The last factor can be present in all altered and fresh rock, but
is best developed in the very fine-grained rocks of the non-calcareous
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zone. The bleached appearance can be locally extensive and is in
places associated with the absence of soils.
Oxidized pyrite, indicated by euhedral casts, thin ironoxide veining, or small spherical spots, has been observed in many
areas in this zone particularly in the "zebra rock". This peculiar
alteration, common in the laminated shales of lower Tapley Hill
Formation (Fig. 31) consists of red and light-colored bands. The
different colored bands are parallel to the bedding planes and are
largely controlled by these.

Careful examination shows that the

same color is not always continuous in the individual laminae.
Apparently there is a correlation between the size of the pyrite
grains and the width of the laminations e.g. thinner bands are
associated with smaller crystals and wider bands with larger pyrite
grains.
(iii) Calcareous zone
The contrast between the regular weathered rocks and rocks
in the calcareous zone is that the latter are much softer, weathers
into a powdery mass and are highly calcareous.

Rocks in this zone

occupy low topographic positions and in a number of instances form a
halo around the non-calcareous rocks. In general the calcareous
zones are very localized and they affect only certain shaly units,
while the more massive dolomitic units or arenaceous units show little
changes.

Fig. 31

Zebra-type Alteration in the Tapley Hill Shales of the
Non-calcareous Zone.
Dark spots are oxidized pyrites.
Joints
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Alteration in Bedded Mudstone.
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Shear-cleavage, yeinlets and joints have a control on the
alteration. For instance, a dolomitic, shaly mudstone bed is cut
by a one half centimeter wide coarse-crystalline, white dolomite vein,
affecting the rock in such a way that one and one half centimeter
next to the vein the rock contains less dolomite and the greenish
shale-color is changed to light-cream.

About ten centimeters away

from the vein, the altered shale has the appearance of a very-finegrained, dark-green porphyry or hornfels with small (< 1 mm) euhedral
dolomite prophyroblasts increasing in size away from the vein
also Petrographic Sample No. S-82 a and b).

(see

At other localities shaly

mudstone units are changed to the calcareous alteration without any
evidence of veining though joints and bedding planes form boundaries.
"Hie general relationship is shown in Fig. 32. "Zebra-type" banding is
also present in laminated shales. The colors are less contrasting
and are dull-green and brownish-gray.
2, Pattern and Development of Alteration
The extent of alteration is influenced to a certain degree by
the physical and chemical nature of the original sediments. But the
most important aspect of this part of the study is to detect any
systematic pattern, particularly with respect to mineralization.
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(i) Hie Mt. Rose Mine Diapir area
A roughly concentric alteration pattern is developed in this
area (Fig. 4). All three zones are developed here, though the
central, silicified region is discontinuous and patchy. In the
calcareous zone and to a lesser degree the non-calcareous zone
irregularities are caused by bedding planes.

Therefore, elongated

alteration boundaries have developed, particularly noticeable in
the north-eastern side (Rig- 4).
(ii) The Yanka Diapir area
The investigation of the Yanka Diapir was expressively for the
mapping of any possible existing alteration patterns.

Compared to the

regional frequency of altered rocks, the Yanka area has probably less
than the average, and compared to the Mt. Rose Mine area, alteration
is insignificant.
Only two small zones have been delineated here. Minor a-breccia,
some disseminated pyrite,and phyllite minerals are associated with a
non-carbonaceous (siliceous) zone at the eastern side of the diapir.
This particular locality lacks a calcareous halo, a feature commonly
observed with this type of alteration. A small calcareous altered
zone on the eastern side can not be related to a particular feature.

(iii) The Vocavocana Fracture zone
All three types of alteration have been observed, though zones
are not delineated and are not shown on Fig. 2. Areas most affected
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are around the southern end,, where copper mineralization is present.
Both types of zebra-rocks (calcareous and non-calcareous) are
abundant on the western side around the drill hole location, though
the calcareous rock type is only poorly developed here. In the
central area of the fracture zone the tillites are strongly affected
by calcareous alteration.

Civ) Regional pattern
Excluding the satellite diapir areas, alteration zones for
the entire study area are simple, of relatively small areal extent
and are restricted to the calcareous and non-calcareous types. These
zones are too insignificant to be-shown on Fig. 2.
The non-calcareous alteration is only found in areas showing
evidence of pyrite or copper mineralization, while the calcareous
type is best developed in massive tillite, shaly rocks and areas
containing dolomite veins, manganese oxides and/or specular hematite.
3. Summary
Alteration, differing from the regular weathering, is divided
into three types. The intensity of alteration seems to increase from
the calcareous to the non-calcareous and finally to the silicified zone.
Concentric zoning of the three types is best developed around the Mt.
Rose Mine Diapir.

Boundaries between the individual zones or the

unaltered rocks are gradual and are affected by differences of local
lithology.
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Non-calcareous alteration and (?) silicification appears to be
related to pyrite, copper, manganese and/or specular hematite
mineralization, particularly if the mineralization is not restricted
to an isolated vein.

Structural complexity near the margins of the

satellite diapirs seem to be the most favorable localities for both
alteration and mineralization.
Erratic calcareous alteration, best developed in massive
tillite and selected shaly units, appears to be unrelated to copper
mineralization.

CHAPTER VIII
PHYSICAL TESTS OF ROCK SAMPLES
The purpose of this part of the study is to investigate the
physical characteristics of the rocks. In particular, the physical
differences between the diapiric and the host rocks are of prime
interest. The results aid in the interpretation of the mechanism
of the cold intrusives.
1. Type of Material Tested
Density determinations clearly indicate a difference between
surface and subsurface (diamond drill core) samples. To eliminate
the effects of weathering, all tests, except specific gravity, are
conducted on unweathered core samples.
The three principal rock types (Fig- 33) tested are;
a) Diapiric breccia (cold intrusive) from the Vocavocana
Fracture Zone (DDH-11, Fig. 2).
b) Laminated shale (Tindelpena Formation) from the Mt.
Rose Mine area (DDH-7, Fig. 3).
c) Squeezed dolomite (Tindelpena Formation) from the Mt.
Rose Mine area (DDH-6, 7, Fig. 3).
It is realized that the physical distance between the diapiric
breccia (Vocavocana Fracture Zone) and the host rock (Mt. Rose Mine
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Fig. 33

Prepared Specimens for Cantilever Beam Tests of the Three Principal Rock Types.

Dark parts of specimens are caused by a chemical stain testing for carbonate. Samples 6-187
(squeezed dolomite), 7-118 and 7-124 (laminated shale) are of the host rock; samples 11-142
(diapiric breccia) are from the cold intrusive. Note squeezed nature of sample S6-187-C.
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Diapir) is large. The distance between the sample location should,
however, not influence the results of the tests. The diapiric breccia
of Mt. Rose Mine core (see also Appendix B) were in part totally
altered and mineralized and therefore unsuitable for physical tests.
2. Density Determination
The prepared specimens were weighed and their dimensions
measured; the dry density was then calculated by dividing the
volume by the weight (see also Appendix D).

A summary of the

results is shown in Table 8.

Table 8. Summarized Density Data

ROCK TYPE

FORMATION

Diapiric breccia * (Cold Intrusive)

AVERAGE DENSITY
GM/CM3

TYPE OF
SAMPLE

2.49 (8)

Fresh core

do

do

2.61 (6)

Weathered
surface

do

do

2.39

Weathered core

2.73 C6)

Fresh core

do

2.33 (5)

Weathered core
and surface

Squeezed dolomite *

do

2.68 (4)

Fresh core

Squeezed dolomite )
and argillaceous )
shale
)

do

2.70 (25)

do

2.57 (3)

Weathered
surface

Laminated shale * Tapley Hill
do

Tillite

Yudnamutana
Sub-group

* Rock type tested for creep and strength
t Number of determinations
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From the results the following factors are evident:
3
a) The diapiric breccia weighs 0.21 ± 0.02 gm/cm less than
the host rock (Tapley Hill Formation).
3
b) The weathered core of the diapiric breccia is 0.10 gm/cm
lighter than the identical unweathered diapiric breccia.
c) Weathered (altered?) shales of the host rock are up to
3
0.40 gm/cm lighter than the unweathered shales.
c) Surface samples of different diapiric rocks and breccias
3
are of 0.20 gm/cm heavier than fresh diapiric breccia
(core).
3
A difference of 0.17 gm/cm (2.45 diapiric rock; 2.62 host
rock) was determined by Mumme (1961) for the Blinman Diapir.
Unfortunately, Mumme does not state whether the samples investigated
came from the surface or subsurface, the lithologies of the
specimens, or whether results quoted are for dry or wet samples.

In

any case, the results of the two investigations agree fairly closely
and definitely indicate that the cold intrusive rocks, or at least
the brecciated parts, are lighter than the host rock.
3
The relatively high density (2.61 gm/cm ) of the breccia
obtained for various surface samples reflects the high ferrous
dolomite (ankerite?) content and the addition of iron oxides.
Metasomatic changes may be an additional factor Csee

also

Chapter V).
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3. Uniaxial Compression Tests
These tests were performed on a standard compression machine
using a constant load rate and producing a graphical output. For
details see Appendix D.
The compressive strength of the three principal rock types,
summarized in Table 9, clearly indicates the weaker nature of the
diapiric breccia. The host rock is four to five times stronger
than the cold intrusive.
Equally important, however, is the nature of the loading
curves (Fig* 34).

Under uniaxial compression the shale behaves like

a perfect elastic material while the dolomite is almost elastic.
In contrast, the diapiric breccia behaves like plastic-elasticplastic material. Actually, the flat top of the stress/strain curve
at rupture (Sa. 11-143-A, Fig. 34), indicates a ductile component.
3.1 Tension Tests CCantilever Beam)
Hie same apparatus used for the creep tests served for the
tensional strength investigation. For details of the specimen
preparation, test apparatus, loading and measuring system see
Appendix C and Klingmueller and Wallace (1971).
Hie prime object of the tension tests was to determine a
safe, but consistent, stress level suitable for the creep tests.

As

Table 9. Summary of the Physical Characteristics of the Cold Intrusions and the Host Rocks

ROCK TYPE
DENSITY
(SA.. NO./AVERAGES) (DRY, GM/O0)

Squeezed
Dolomite

Laminated
Shale

•2U *H
CI
au
«
«H 9H
a ca

RUPTURE STRENGTH
(KG/CM2)
COMPRESSION TENSION

11-142-b
11-142-a
High
Low

2.57
2.44

387
206

55.7
21.6

MEDIAN
AVERAGE

2.51
2.49(8)*

286
295(6)

26.6
32.2(4)

MODULUS OF ELASTICITY
105

RATIO
(x
C:T COMPRESSION

KG/CM2)

SET+
(PERCENT)

2.79
2.68

(41)° 62*
N.A.

MEDIAN
AVERAGE

2.76
• 2.73(6)

1,229
1,146(3)

«10:1

0.75
1.07(6)

>0.16

>28

«r4:1

>2.91

>6.82

>4.3

3.57
2.25

6-187-c
6-187-a
High
Low

2.70
2.67

1,960
1,635

389
241

MEDIAN
AVERAGE

2.68
2.68(4)

1,645
1,737(3)

259
292(3)

*6:1

4.17
4.05(3)

>2.91

>2.5

305
(+1050)

»5:1

2.41
(+270)

4.70
(+2940)

25
(-90)

AVERAGE
DIFFERENCE
BETWEEN HOST ROCK
AND COLD INTRUSIVE

0.21 „
(+8.5)

•
t
*
o
X

•
•
•
•
•

1,140
(+395)

.00105
.00244

>41

62

>.003

(66)
(89)

80
92

2.74
2.56

>77

86

(82)
N.A.

91
67

>(82)

79

2.97
2.85

401
376
>332

(x 1019 POISE)

2.14
0.45

6.16
7.56
1,401
1,108

VISCOSITY

TENSION
0.20
0.13

7-124-b
7-118-b
High
Low

RECOVERY
(PERCENT)

>2.6
0.90
1.60

4.81
3.22

38
20
(-93) (-32)

>1.2
selO3

Number of determinations; if only one or two values, then median • average (>)
Cantilever beams loaded to 50% of minimum rupture strength and then unloaded [see Fig. 37).
Load removed after creep test (149 days). Recovery calculated after 20 days (after elastic recovery),
Instantaneous (after creep test).
% difference; diapiric breccia « 100t; + • larger than diapiric breccia.

Diapiric Breccia
(Sa. 11-143-A)

Squeezed Dolomite
(Sa. 6-187-A)

Laminated Shale
(Sa. 7-124)

Rapture: 1,645 kg/cm
(23400 psi)

Rapture: 1,108 kg/cm
(15640 psi)

KEptUTOS

10

Curve:
Perfectly Straight 10

0.5

Curve:
Slightly Concave

1.0
DISPLACEMENT

Fig» 34

Curve:
Concave-Convex

(x 10"2 inch)

Characteristic Uniaxial Compression Load vs. Displacement Curves for
the Three Principal Rock Types.

the cantilever beam system measures the maximum tensional fibre
stress plus a compressional component the values thus obtained will
differ from the pure tensile stress
During testing, a marked difference between the host rocks
and the breccia became apparent.

Hie former broke unexpectedly and

suddenly, while creep and intermittent failures could actually be
observed in the latter. In most cases the breccia broke gradually.
Typical loading curves, Figs. 35 and 36, are in principle identical
to those of the compression curves, except that the loading or
strain rate is much slower for the beam tests.
Each principal rock type was also loaded to 50% of its
minimum rupture strength and unloaded. The results, shown in Fig.
37, again reveal the marked difference between the host and
intrusive rocks e.g. elastic vs. plastic-elastic material.
The tensional rupture strength, tabulated in Table 9, is,
as expected, much higher (approx. ten times) for the host rocks
than for the breccia. The low tensional strength of the breccia
indicates a weak bond between individual grains and/or between the
breccia fragments. Minor open cavities, inhomogeneous matrix
(high dolomite areas), large dolomite crystals and weak hairline
fractures are features observable in the core and causes for
failures at low stress levels.

1200

Riptuxe: 376 Kg/cm
V(S340 psi)

1000

800

Laminated Shale
(Sa. 7-124-bl
Curve: Straight Line

ftipture: 385 Kg/cm
(5490 psi)

I
ex
<

600

o
400

Squeezed Dolomite
(Sa. 6-187-b)
Curve; Straight Line and Curve

200

1.0

1.2

1.0

DISPLACEMENT (mm)
Fig. 35

Characteristic Cantilever Beams Load vs. Displacement Curves for Host Rock.
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1
a
<
o

Diapiric Breccia
(Sa. 11-142-d)
Curve: Complex

200

.6

0

1.2

1.8
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Fig. 36

Characteristic Cantilever Beam Load vs. Displacement
Curve for Diapiric Breccia
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Fig. 37 Unloading Curves for Cantilever Beams of the Three Principal Rock Types
Stress level is 50% of maximum stress. Note amount of set for each rock type.
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4. Creep Tests (Cantilever Beams)
"Hie investigation of the creep properties, or the slow
deformation that results from the long application of stresses, is
of utmost importance to gain some insight into rock behavior with
respect to time.

Relating creep to bending of cantilever beams

has certain weaknesses.

The bending is based on elastic theory,

which is not fully applicable to rocks. The rock specimens lack
interstitial fluids, confining pressure and elevated temperatures
which are some of the main influential factors present in the true
geological environment. Quantitative values thus derived may be
greatly inaccurate. However, Pomery (1955), has shown that results
obtained from cantilever creep tests of bituminous and anthracite
coals are directly related to the type of failure observed in
mines.

Also, results can quantitatively relate differences in

various rock types taking into account the most important
geological factor, time.
(i) General remarks of tests
Sixteen samples were tested simultaneously, but because
this part of the study was a joint project, only six samples of the
South Australian rocks (two each of the three principal rock types)
could be tested. The test apparatus used is shown in Fig, 38. For

Fig. 38

Set-up of Creep-Apparatus.

Note one-gauge system and banana clip used for all samples. Extreme right
beam is made of steel and serves as control.
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details of the apparatus, analysis of humidity effects and sample
calculation refer to Appendix D. The experiment lasted for 149 days.
The strength of the three rock types, particularly between
the host rock and the cold intrusive, varies considerably. In order
to equate quantitatively the creep behavior between the rock types,
the following two possibilities existed:
a) To apply loads so that the stress level is equal for
each rock type.
b) To apply a load related to the strength of the individual
rock types.
The latter method (b) was adopted. A stress level equal to
50% of the minimum tensional rupture strength was applied to the three
rock types.
(ii) Analysis of data
Expectations from the static test results were confirmed by
the creep data, in that the diapiric breccia behaves markedly
different under time-dependent stresses than the host rocks. In
general terms, the beam deflection of the cold intrusives is ten to
twenty times higher for the 149 days test period than the deflection
of the shale and dolomite.

Changes in humidity result in simultaneous

changes in creep rates and affect the breccia to a lesser extent
(see also Appendix D).
Two groups of curves (Fig. 39, Curves A and B) aue obtained
when the deflection is plotted vs. the log of time. The deflection

12
Squeezed Dolomite
(6-187-c)

120
Final
*
I Failure
J-\

Diapiric Breccia
Cll-142-b)

80

B

, i.

ot 40
M
Partial Failures

x

J

29

L

10
TIME

100
(T)
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Fig. 39 Oiaracteristic Creep Curves for Cantilever Beams
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curves of the breccia are complex and show definite areas of partial
failure before final failure (Fig* 39, Curve B). The partial
failures, also observed in the tensional curves (Fig- 36) appear to
be characteristic for the breccia and strongly suggest a stop-go
movement for the cold intrusives.
A rigorous mathematical analysis of the A-type curves Fig. 39,
is beyond the scope of the present work, but a brief comparison with
similar tests follows.
Griggs (1939) has shown that the time-dependent deformation
of rocks can be expressed with reasonable accuracy in the equation
of the form
e

=

A' + B1 log T + dr

(1)

This relationship predicting the strain (e) at any given time (T) was
first applied to steel (Weaver, 1936).
A computerized regression analysis of the host rock data run
by the writer's colleague of the creep test Wallace (1971) indicates
an empirical relationship identical to equation (1).
A + B log T + CT

C2>

Y « . A + B log (T + 1) + CT

(3)

Y

=

The equations predict the deflection (Y) at a time (T). The values
of A, B and C are represented in Table 10.

According to the regression

analysis the empirical equations (2) and (3) are equally applicable
as well.

Table 10. Creep Coefficients Determined from Regression Analysis

ROCK TYPE

Y = A + B LOG T + CT
C
B
A

STANDARD
ERROR OF Y

Y = A+B L0G(T+1) + CT
A
B
C

STANDARD
ERROR OF Y

Laminated Shale
(7-124-b)

402

12.82

0.33

2.89

396

18.84

.27

2.99

Laminated Shale
(7-118-b)

369

3.17

0.24

6.70

370

zero

.29

6.78

Squeezed
Dolomite
(6-187-C)

428

13.61

0.44

2.67

421

20.18

.38

2.49

Squeezed
Dolomite
(6-187-a)

242

10.67

0.10

1.73

236

15.86

.04

2.00

(T = Time in days)

-4
(Y = Deflection in cm x 10 )
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For equation (1), Griggs Q-939) has suggested that A'
represents the instantaneous deformation [deflection for equation
(2) and (3)] and C'T the pseudo-viscous flow (steady-state, Helnjer
1968).
Hie term A + B log T is a straight line of the first
segment for the second group of curvesCFig. 39, Curve A). All four
curves of the host rock show this abrupt change of slope. On three
curves this break occurs around the 35th day and on one curve on the
29th day CFig- 39). Additional tests of long duration (T = 5 years)
are needed to determine whether creep follows the prediction as
expressed in equations (2) or (3), or, if the abrupt change observed
in this study does not persist and therefore is not real.
A time-dependent relationship is needed to correlate the
data.

A translation to a viscous term seems to be the most

appropriate method.

For viscous flow Reiner (1960) has modified the

general equation relating the deflection 00 of a cantilever beam
(weight at deflection point) (4). Using the viscous-elastic analogy
the term YE is substituted by 3nc Y> where r^is the creep viscosity
and Y the rate of deflection.
W L3

(4)

3 EI
The general equation of a cantilever beam becomes then :
(5)
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which, can be converted to
«

-

c ~

EY

3

.

At

Ay

^

for any cantilever beam, regardless of where the deflection is
measured and where the load (W) is applied.
For the analysis of the creep data equation (6) was used to
calculate the equivalent viscosity. The quantities At and Ay of
equation (6) were taken between the last data point and the abrupt
change in curve. With this manipulation the creep could be compared
quantitatively.
The equivalent viscosities determined (Table 9), are probably
several magnitudes too low.

But the most important point of the data

is that numerical values can be compared.

Thus the 10

poises

difference is significant in respect to the geological framework.
5. Discussion of Results
The average difference between the host rock, laminated
shales and squeezed sandy to argillaceous dolomites, and the diapiric
breccia are summarized at the bottom of Table 9. This contrast is
also expressed in percentiles using the breccia as the base.
There is no doubt that a large contrast in physical properties
exists between the cold intrusive and the host rock.

All of the

parameters tested indicate that the physical properties of the
breccia are more closely related to the properties of intrusive
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masses than the properties of the host rocks.

In the geologic

environment the contrast may be larger or even smaller, but a reversal
(opposite sign, last row, Table 9) is not projected.
The density contrast of 0.21 gm/cm (0.17 gm/cm Mumme, 1961)
is sufficient for breccia of the Callan Beds C?) to set up a
gravitational instability field, particularly if the time-span of the
Flinders Diapirs is taken into account.

For comparison, Parker and

McDowell (195S) used a difference of 0.3 gm/cm

for the Gulf Coast

salt domes. Of course, the density of the Gulf Coast area increases
with depth, so that Parker and McDowell's values would be a maximum
3
contrast. From Morgan et al (1968) data a difference of 0.25 gm/cm
is calculated between sand bar deposits and mud diapirs of the
Mississippi Delta.
The density of the Pre-Cambrian rocks of the Flinders is
very high compared to other sedimentary rocks. This fact is attributed
to the age of the rocks.
The compressional and tensional strength of specimens of the
host rock is 400% to 1000% higher than for specimens of the breccia.
The relatively high tensional strength of the host rock could be in
part due to the testing method used, though the density data indicate
a we11-compacted rock. The compression/tension ratio is notably
higher for the host rock, suggesting that tension is a possible mode
of failure of the diapiric material. The high strength of the host
rock could be caused not only by age but also by the relative position
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of the sample e. g . next to the contact or the zone of maximum stresses.
The maximum compressive strength of one dolomite sample was 3,590
2

kg/cm (51,000 psi) which is indeed very high, not only for sedimentary
rocks, but rocks in general. (Refer also the Table D-3, Appendix D
for additional results).
The equivalent viscosity, at present the best method to compare
creep in rocks, is approximately three magnitudes higher for the host
rock than for the breccia. The average viscosity of the shale is
twice that of the dolomite, suggesting differences in the viscosity
of the host rock too, but additional data is needed to confirm this.
The values obtained are probably too low if compared to other
investigators' results. Apparently this is caused by the testing
method. Pomery's (1955) result, based on similar cantilever
experiments, shows that coal has a viscosity of 10

17
to 10 poises,

which is in the range of salt. Tabulated salt data of viscosity
results (Helmer, 1968, Table VI) indicate a difference of 10^
13
18
poises (10 to 10 ) for that substance, which is certainly a big
difference for the relatively simple geological material.
Heard (1963) determined the viscosity for the Yule Marble at
23
atmospheric condition and found it to be 10 poises. Most
investigators, including the latter, use circular cores.

Results of

these tests are probably not strictly comparable to cantilever
beam tests.

Hie history of the test rocks can be an important factor.

This is pointed out by lida et al (1960) who determined that creep
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in serpentine is higher at lower stresses than at higher stresses!
Considerable experimental results are needed in the field of
viscosity determinations in order to compare different rock types
and experiments.
Quantitative data of the porosity and permeability could,
unfortunately, not be included in this study. Greater permeability
and porosity for the breccia are deduced from such indicators as
small cavities, squeezed carbonate-lined veinlets and wetability of
the breccia.

Ink markings disperse widely on cut breccia rock, little

on the dolomite, and not at all on the shales.

CHAPTER IX
GEOCHEMICAL SURVEYS
The objectives of the geochemical surveys were to determine
possible differences in a) the base metal contents (Cu, Zn, Pb) of
the various formations of the host rock and cold intrusives and
b) the metal abundance (Cu, Zn, Mn, Fe) related to rock alteration.
All soil samples were collected from the C-horizon, and
the rock-chip samples were taken at constant intervals over a
threer-meter distance. The samples have been commercially analyzed.
1. Regional Profiles
In association with regional profile mapping, soil samples
were collected at an average of 75 meter intervals (Fig. 2).

Where

suitable, these lines were located along creek beds in order to
gain a maximum of geological information. For Profile B rock chip
samples were also taken at localities having characteristic lithology
or near contacts of cold intrusives.
Some of the anomalies along these lines can not be
explained on a geological basis.

For instance, the high copper

values in the tillite at stations 48 through 50, Profile B, or in
the samples 36 through 39, Profile A, in the Unnamed Dolomite, can
not be related to any observable geological factor.
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Other copper

anomalies, for instance near the Yocavocana Fracture Zone or the
western extension of the Mt. Rose Diapir, are related to the
vicinity of the diapirs. On the whole, the following conclusions
have been derived:
a) The average metal values are lower in the diapir
proper than in the host rock.
h) For the structurally disturbed zones average copper
values are higher than average zinc values.

The

reverse is true for the undisturbed areas particularly
south of the western extension of the Mt. Rose Mine
Diapir.
c) Generally, copper and zinc values are higher in soils
than rock samples.
d) At a couple of localities pyrite has been observed in
the host rock, but anomalous metal values are not
associated with the pyrite.
e) The variation of lead values is insignificant (range
five to 25, average 15 ppm).
The most significant conclusions are items (a) and 05)» as
these suggest the influence the cold intrusives have relative to
copper mineralization.
1.1 Yudnamutana Sub-group and Tindelpena Shale Member Contact
This geochemical survey includes nine short lines of five
sample points each in the tillite and shale (Refer to Fig. 2 for
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Location). The distance between sample points is 6.5 meters.
Slopes, except for Y.T. 5, dip in the same direction so that the
colluvium and soils of the tillite mantle the shale.
The results (Fig. 40) of this short survey are significant
and contrary to expectations.

Recause some malachite occurs in the

shales (Tapley Hill Formation including (?) Tindelpena Shale Member)
the exploration efforts and land acquisition of Metallgesellschaft
of Australia was concentrated on the Tapley Hill Formation. Shales
and black shales in particular are known to contain concentrations
of minor elements more than one hundred times their average crustal
abundance (Krauskopf, 1955). Therefore, it is surprising to find
that the copper and zinc values are higher in the tillites than in
the shales (Table 11).

Also the tillite-shale contact cannot be

identified using the copper and zinc content as a criterion (Fig.
40). The values of lead, similar to regional profiles, are restricted
to a narrow range (five to thirty ppm) and are almost identical for
the two formations.
Hie cobalt/nickel ratio, only determined for rock chip
samples of the T.Y. line 5 (Fig. 40), two soil samples (S-Y.T.5-5N,
B-S-23) and one other rock chip sample (B-RC-23) is within a fairly
narrow margin (0.61 to 1.32). The average and median values are
0.85 and 0.80 respectively.

Ratios calculated from data by Binks

(1968-b) for 450 drainage samples of the Blinman Dome Diapir have
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the same magnitude though they are approximately 0.2 lower. Of
interest is the fact, that in both surveys anomalous copper values
are not related to corresponding changes in cobalt, nickel or their
ratio.
2. The Mt. Rose Mine Diapir Area
Shales and dolomite beds of the Tapley Hill Formation are
locally strongly bleached. In order to investigate possible/changes
in the metal content caused by this alteration, a small area on the
western side of Mt. Rose Mine Diapir was covered with a geochemical
grid having a spacing of 20 by 60 meters. (For location refer to
Fig. 3. For detailed alteration patterns and geology see Fig. 28).
The results of the geochemical survey is related to
alteration and are summarized in Table 12.

Fig. 41 shows the

copper and zinc anomalies.
Table 12.

METAL

Correlation Between Geochemical Anomalies and Rock
Alteration for the Geochemical Grid

UNALTERED
ZONE

NON-CALCAREOUS
ZONE

CORRELATION TO
ANOMALY

REFERENCE

Cu

Anomalous

Excellent

Fig. 41

Zn

Anomalous

Good

Fig. 41

Fe

Anomalous

Poor
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There is a definite indication that the non-calcareous zone
around the Mt. Rose Mine Diapir is enriched in copper. An increase
in zinc, iron and manganese is less obvious, but present.

No

definite conclusions can be drawn regarding the distribution of above
mentioned metals within the strongly bleached alteration sub-zone
(part of the non-calcareous zone; compare Fig. 28 with Fig. 41).

SECTION B : ANALYTICAL PART
CHAPTER X
OCCURRENCES OF DIAPIRIC ROCKS IN THE STUDY AREA
The field and laboratory data presented in the previous
sections are analyzed here and serve as a basis for the final
concluding part.

In this section geological similarities, analogous

concepts and related studies are also taken into account. Sulfur
isotope determinations, fluid inclusion analysis and a detailed
geological map of the entire eastern part of the Burr Diapir would
greatly aid in the understanding of diapirism and mineralization
but a fundamental study, as the present, cannot investigate all
possible aspects.
The markedly different size, character and contact-boundary
relationship of the diapiric masses indicate three different types
of diapiric intrusive in the study area:

the fracture (fault) zone

diapir (Vocavocana), the satellite diapirs (Mt. Rose Mine, Yanka), and
the related main or anticlinal diapir (Burr).
A consistent correlation between the total magnetic changes
(South Australia, Department of Mines, 1967) and the diapirs is
not apparent.

Fig. 42 illustrates this point.

On the southern side

of the Burr Anticline the Mt. Rose Mine Diapir, the Vocavocana Fracture
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Fig. 42
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Base of Tapley Hill Formation
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Aerial Magnetic Map and Formation Boundaries of Eastern
Part of the Burr Anticline

Note magnetic lows related to base of Taple/ Hill Formation,
Contour interval is.-20 gammas (total magnetic intensity},.
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Zone (southern end), and to a lesser degree the Yanka Diapir are on
the flanks of a magnetic low.

In contrast, a slight high is towards

the east near the center of the Fracture Zone. Similar magnetic lows
on the northern side of the Burr Anticline lack any structural
disturbance. The only consistency is that all magnetic lows are
down-dip of or near the Tindelpena Basal Shale Member (Tapley Hill
Formation),
1. Asymmetrical Anticlinal Structure (Burr Diapir)
The Burr Diapir (refer to Figs. 8 and 42) is part of a large
anticlinal structure of which the eastern section (study area) is
only a small part. An analysis of the eastern part of the Burr
Diapir therefore has to take into account not only the local structural
surroundings (Fig. 2) but also the regional setting.
In comparison to the central part, the extremes of the Burr
Diapir are less disturbed. This fact, observable from the regional
geological map (Fig. 8), suggests that the main upwelling or diapiric
activities occurred towards the middle section of the anticline.
The asymmetrical nature of the eastern end of the Burr Diapir
can be depicted not only from Fig. 42 but also from the details of
the contacts zone. In this respect the most important points are
[Refer also to Chapter V, section 3.(iii)]:
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a) The dip of the host rock on the northern side is
toward the diapir.
b) There is a wider, more irregular and distorted southern
contact zone than on the northern side.
c) A different degree of contortion-brecciation of the
diapiric rocks occurs at the northern and southern
sides (compare the location of d and d^-rock types on
Fig. 2).
Despite this difference the important point is that the
general strike of the host is parallel to the contact. This criteria
is a prime characteristic of the eastern part of the Burr Diapir.
The asymmetrical habit of diapiric intrusives related to
anticlinal or domal structures is also present in four out of nine
large structures [determined from Parachilna (1966) and Orooroo
(1968) maps, see Fig. 7] and appears to be a common feature. The
possible causes for the off-center position of the Burr Diapir will
be discussed in relation to diapir genesis in Chapter XI.
2. Satellite Diapirs
The Mt. Rose Mine and Yanka Diapirs are in this category.
These cold intrusives are independent bodies though probably related
at depth to the Burr Diapir. The satellite diapirs are producing
their own stress fields. The structural disturbance of the host rock
of these entities are influenced by such factors as :

a) The physical character of the host rock.
h) Interstitial fluids (gases) surrounding the diapir.
c) Relative pressure differential between host rock and
diapir.
d) Relative stage or level e. g . height.
The adjustment of the host rock to the cold intrusive bodies
is characteristically different from the domal-type diapirs setting
the satellite diapirs markedly apart.

Cross-cutting contacts are a

rule rather than an exception. The irregular apophysis of the Mt.
Rose Mine Diapir emphasises this point.
Very small (<_ 30 square meters) isolated irregular "mini"
diapirs (south side Figs. 3 or 4, south-east and north-east Fig. 5)
are probably forerunners of apophysis and are related at depth to the
respective satellite diapir. The reason for the existence of these
"mini" diapirs at particular localities, for that matter the satellite
diapirs too, cannot be attributed with confidence to local structural
features. Massive, irregular, large quartz or carbonate veins, which
are also elipsoidal may possibly have some connection to these "mini"
diapirs. These veins have been observed only at the Mt. Rose Mine
Diapir (Fig. 3).
In summary, the important point is that the host rock remains
passive. Possible pre-existing structural weaknesses are so subtle
that they have been obliterated by the intrusions and are no longer
recognizable. The satellite diapirs set up their own stress fields.
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2.1 In Fracture Zone
The occurrence of diapiric outcrops over a strike length of
two kilometers and a width, between 400 and 100 meters clearly
indicates a lineament-control for the Vocavocana Fracture Zone.
Towards the north the Zone terminates in a fault. At the southern
end, well-exposed shaly beds are not faulted but merely brecciated
next to the diapir contact.
The writer ascribes great significance to the large massive
calcite bodies associated with the Zone (Refer to Fig. 2 at the
northern and southern end of the Vocavocana Fracture Zone).
The southern end of the Vocavocana Fracture Zone has
similar characteristics to the satellite diapirs e.g. a shell of
a-breccia and a passive or unadjusted host rock. This fact suggests
a relationship between initial faulting (fracture zone) and
subsequence satellite diapirs e.g. initial and later stage of the
cold intrusions.

CHAPTER XI
ADJUSTMENT OF THE HOST ROCK TO COLD INTRUSIVES
Two different patterns of the mechanism of intrusion evolve
and are discussed in this chapter in relation to the structural
surroundings. Doming, causing upturning of the host rock and wedging,
resulting in a side-pushing effect, are the two types of mechanisms
proposed.
1. Upturning and Doming
Large diapiric structures, in this case the eastern extension
of the Burr Diapir, make room for the uprising masses by doming,
lifting and finally by upturning the overlying sediments. In support
of this statement are the many examples of anticlines in South
Australia containing diapirs at or near the center. According to
Coats (1965, p. 99) out of 50 known diapiric structures 50 percent
occur in cores of anticlines, 40 percent are fault controlled, five
percent occur in synclines and five percent coincide with limbs of
folds. Of course an opposite view point could be taken reversing
cause and effect: anticlines are fractured at the center and
therefore are liable to intrusions. For the Flinders Range diapirs
the latter argument is weakened by such evidence that diapiric rocks
are also found at structural intersections and in fault zones.
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The southern side of the eastern part of the Burr Diapir
follows a well-documented pattern observed for salt domes: a marginal
or rim syncline in the host rocks.

At the contact the beds are

vertical and even overturned. The amount of dip in the bedding
decreases away from the contact. This fact is well illustrated from
Profile B, Fig. 2.
Coats (1964, p. 16) refers to an "axis of upturning" for
the Blinman Dome Diapir in a situation similar to that pointed out
above.

Apparently marginal synclines are not common features of the

South Australian diapirs.
The upturned beds or rim syncline in the study area could
be due to a pre-existing structure, such as a moncline, gravitational
sinking or friction (drag). A combination of friction and ? monocline
fits the field data best.
The fact that the beds of the northern contact of the main
diapir dip towards or into the diapir needs elaborating here. As
pointed out in the previous chapter the diapiric mass is not at the
anticlinal crest but off-set to the southern margin (Fig. 42).
Crestal or subsidiary synclines are present over the central portion
of the Burr Anticline.

A different explanation is that the

Skillogallee Dolomite (oldest member exposed) was distorted prior to
the deposition of the Unnamed Green Graywacke in that area.

In fact,

the initial movement of the central part of the Burr Diapir precedes
or is contemporaneous with the deposition of the Unnamed Green
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Graywacke (see also Fig. 8, error).

Another explanation is that the

northern side is, in relation to the south, stable and once the
anticlinal structure was formed the diapiric mass escaped towards
the south.
The uneven distribution of the Unnamed Green Graywacke and
its absence from the southern side of the Burr Diapir suggests that
this formation behaves diapirically.

An east-west fault parallel to

the anticline elevating the southern margin prior to the total
deposition of the Unnamed Green Graywacke could be another
possibility. Faults parallel to the long axis of anticlines are
common in South Australian diapirs.

At the Beltana Diapir, a major

diapiric structure (Fig. 7),the southern margin is, according to
Leeson (1970), stratigraphically 5,000 feet higher than the northern
side.
2. Wedging
The space for the small diapiric masses (satellite diapirs,
fault zones) is made by the uprising intrusives: the host rock is
essentially pushed aside.

Dependent on the type of wall rock and

the distance from the diapir the wall rock is brecciated, squeezed,
develops small-scale fold or shear cleavage. Table 13 depicts this
relationship as observed at the Mt. Rose Mine Diapir.

It must be

kept in mind here, that a complete transitional sequence exists
between the "shaly" (= laminated, calcareous, carbonaceous
siltstones) and "calcareous" (= arenaceous to argillic dolomites)
rocks.
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Table 13. Structural Features in Shaly and Calcareous Rocks
Related to the Distance from the Diapiric Contact
SHALY ROCKS
At contact

Breccia

4-> 4-> w
CD
t 81
+J 4->
in tn *H
A!
CP
(J O
A

Faults-breccia
zones
Faults

CALCAREOUS ROCKS
w 1 Squeezed rocks
i (thickening and
•p «h i thinning of units)
'*71
in o

r* -H
o
H
o tS
«-• C
CO rH
-rl
x
o

Small-scale folds
Local folding
(shear cleavage*)

O O d

Away from
contact

H

CQ

Shear cleavage

* Not true shear cleavage but cleavage planes with
silicate (albite and ? quartz) concentrations;
feature occurs only in restricted zones.
In the shaly rocks of the northern side of the Mt. Rose
Mine Diapir a shell of a-breccia, devoid of shear cleavage, surrounds
the diapiric contact.

Dip and strike direction of bedding planes

changes drastically over a relatively short distance.

At a distance

from the contact the breccia gives way to small isolated faults with
and without breccia zones and shear cleavage becomes prominent.
Outside the breccia zone the general adjustment of the host rock is
into different blocks of constant attitudes (see Fig. 4, particularly
blocks VII, VIII, IX).
In calcareous rocks internal squeezing, locally causing
considerable thickening of units, is prominent near the diapiric
contact. Further away small-scale folds give way to squeezed rocks.
If the directional stress field is strong enough, shear cleavage can
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also be present. (As is pointed out in Chapter V, this is not true
shear cleavage but probably traces of shearing expressed as albiterich zones). On the whole the calcareous rocks, if the sequence is
thick enough, form parts of large cylindrical folds

(see region IV,

Fig. 4).
Table 14.

Factors For and Against Cleavage Caused Directly by
the Emplacement of the Mt. Rose Mine Diapir

FACTORS INDICATING CLEAVAGE
FACTORS INDICATING CLEAVAGE
COLD
INTRUSION
K"" "• — -DUE
» • • •TO
! COLD
• I ••• I INTRUSIVE
" ••••• •••»•••• -—II - I I I — I "HI •• NOT
• • I' DUE
• TOI •••
III I • W
I IP * I !• • !• •• —I. • II
Cleavage almost totally absent in
a-breccia

Widespread in massive tillite

Large-scale folds lack cleavage
(Area IV, Structural Domain Map,
Fig. 4)

Changes in strike near diapir

Cleavage present in limited areas
only

The 150° strike direction is in
a continuous zone interrupted
only by diapir

Analogy at Vocavocana Fault:
divergency of strike of cleavage
and strike of fault increases
away from fault
The problem of shear cleavage needs to be evaluated here
hecause there are several factors that oppose the argument that this
structural feature is not related to the cold intrusives.

Cleavage

is widespread, particularly in the massive tillites northwest of the
Mt. Rose Mine Diapir. The general lack of cleavage in pebbles and
the lack of this feature in bedded rocks outside the Mt. Rose Mine
area indicates the relative weak nature of cleavage. The change of
cleavage direction near the Vocavocana Fault indicates the influence
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of local structures. For these and other reasons listed in Table 14,
the cleavage around the Mt. Rose Mine Diapir is interpreted to be
caused by the intrusive mass.
3. General Discussion
There exists a certain degree of overlap between the two
different mechanisms discussed above.

For example, a minor amount of

brecciation (a-breccia) is present at the Burr Diapir contact.
Parts of the wall rock are incorporated by the uprising
diapiric mass both by the doming and wedging processes.

On a volume

basis, the amount of the host rock in the intrusive is likely to
decrease with an increase in size of the diapiric body.

At the Mt.

Rose Mine Diapir rafted blocks of tillite (Yudnarautana) and wedged or
rafted blocks of the Tapley Hill Formation are distributed throughout
the diapir while at the Burr Diapir, xenoliths appear to be restricted
to the contact zone.
The expression of the Yanka Diapir host rock follows the
general pattern prevailing at the Mt. Rose Mine Diapir except that
the mechanism of host-rock adjustment differs.

At the former the

wedging effect produced small-scale faults instead of cleavage.
Cleavage is inconsistent and only locally developed. The lack of
rafted wall rocks and the extremely well-developed d-breccia suggests
that the Yanka Diapir is exposed at a deeper level than the Mt. Rose
Mine Diapir.
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A

complete

transition

fxom ^edging to doming is not envisaged,

though minor wedging may have initially opened up anticlinal regions.
If structurally weak zones are in line with the main diapir, then the
satellite diapirs are connected at lower levels.

A

case in point is

the Vocavocana Fracture Zone: a fault-controlled zone is initially
invaded by diapiric material and as uprising continues or at deeper
levels this zone gives way to an irregular satellite diapir wedging
its way between the country rock (see southern end, Vocavocana
Fracture Zone). At still deeper levels the satellite diapir is
connected in the horizontal plane to the main (Burr) diapir.

CHAPTER XII
COMPARISON OF FIELD OBSERVATIONS AND RESULTS OF PHYSICAL TESTS
The nature of failures observable in the field and in the
laboratory are in good agreement for the shaly rocks and diapiric
breccias.

At high stress levels (close to the contact) shales

brecciate. In the laboratory this is reflected by a perfectly elastic
behavior of these rocks and by complete breakage. In contrast,
failures of the diapiric breccia are unpredictable in the laboratory
and field.

Partial or intermittent failures occur at different

stress levels and are also observable at a microscopic scale. These
observations imply, at least on a small scale, that diapiric movement
is not continuous and that failures are not limited to restricted
zones. The well-developed breccias in some regions of the diapirs
are the 'frozen' evidence for this.
On the basis of test results the dolomitic host rocks cannot
be differentiated from the shaly host rocks, though in the field the
two rock types behave markedly different.
The rock strength both compression and tension, is markedly
lower for the diapiric breccia than for the host rock. Compared with
the field, the intrusive rocks, except for dislodged rafted blocks,
are thoroughly brecciated. Excluding diapiric margins, host-rock
breccias are not common.
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The creep behavior, a most difficult property to investigate
hut also to compare or relate to the geological environment where
processes are in the order of millions of years instead of months,
shows great differences in rock types. The difference determined in
-Tab*-

ory is not only between intrusives and host rock but also

s^tween different types of host rocks. If the variation in equivalent
viscosities is true relative to each of the rock types, then the test
data is in excellent agreement with the field data: the very low
viscosity of the diapiric breccia is related to the diapiric nature of
the host rock; the higher viscosity to the squeezed dolomite; and the
highest viscosity to the brecciated shales.
Equally important, however, are the creep-rate changes
associated with humidity changes observed during the test. In a
general way, this laboratory observation can be related to the
calcareous material in the rocks and to the porosity. The massive
secondary carbonate outcrops next to or in the vicinity of diapiric
rocks and the extremely large dolomite crystals within the diapiric
aass, particularly at the margins, suggests that fluids or ? gases
are also important factors in the geological environment.
3
The density contrast CO.21 gm/cm ) between the host rock and

the diapiric breccia is significant and certainly large enough to cause
a lithostatic pressure imbalance. If this contrast is of the same mag
nitude for the host rocks and the rafted sedimentary blocks within the
diapiric breccia needs to be tested,

A small circular low C6 milligals)
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has been detected by Mumme (1961) over the Blinman Dome Diapir. Of
great interest to note here is the fact that, in general terms, a
small (3. milligals) gravimetric high occurs over part of the diapir
and host rock. If this anomaly is a reflection of basement structure
or can be contributed to an area abundant in rafted igneous and
massive sedimentary blocks, or to a dipping structure cannot be
ascertained here. In the study area, a gravimetric low is expected
over the small diapirs containing only minor amounts of older
(Willouran) blocks.
In summary, the test results agree with the field observations
particularly in regard to differences of diapiric and host rocks.

CHAPTER XXII
DISTRIBUTION OF METAL VALUES
The limited geochemical data of surface and subsurface
samples are discussed here in relation to anomalies and to the
possible origins of the copper mineralization. The metal ratios of
cobalt/nickel are also examined briefly.
1. At the Surface
The findings that the average and median values of copper
and zinc are higher in the tillite than in the shale (Chapter IX, 1.1)
apparently is also true in other areas of the Flinders Ranges.
Binks (1968 a), sampling across the tillite-shale contact of
the Mt. Grainger Diapir (composite analysis of rock chips at six
inch intervals for ten feet sections in four lines), arrived at the
conclusions that the copper and zinc content is higher in the shale
(Tindelpena Shale Member) than in the tillite, while lead values
remain constant across the two formations.

Binks' study is lacking

unbiased sample taking because the lines in the shale are 100 to 130
meters long while they extend only seven to thirteen meters in the
tillite! If one now compares only 35 meters (the distance used in this
study) in the shale and all available data for tlie tillite (seven to
13 meters) then the results (for the four lines of the Mt. Grainger
Diapir) changes to :
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a) Two lines contain zinc anomalies in the tillite.
b) One line has a copper anomaly in the tillite.
The above results exclude possibilities that additional anomalies
could be present in the 300*0 meters of untested tillite, in order
to compare equal distances or equal number of samples in each
formation.

For instance, four anomalous copper values (Fig- 40)

would have been missed if only four, instead of five,samples had
been taken in the tillite!
Fairburn (1969) conducted geochemical stream surveys covering
the Mt. Coffin (approximately 1/20 the size of the Burr) and Burr
Diapirs, except for the eastern part of the Burr Diapir. The general
results of that study are in agreement with the present study,
namely, that the diapirs, except for anomalous areas, are lower in
copper and zinc than the host rock. Fairburn concluded that most of
the large stream-sediment anomalies lie parallel to and outside of
the diapirs and are related to the upper section of the Yudnamutana
Sub-group (tillite) and basal parts of the Tindelpena Shale Member.
The copper anomalies associated with the tillite-shale contact are
also reflected by the relatively numerous prospect pits and old mines
associated with this formational contact, particularly along the
southern edge of the Mt. Coffin Diapir (Mt. Coffin, Elsie Adair and
South Adair Mines) and around the Burr Diapir (Nichols Nob, Paulls
Consolidated Mines). Of great significance is that all prospects,
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old mines and geochemical anomalies outside the diapirs are very
close (±300 meters from the diapiric contact) to the tillite-shale
contact.
Therefore, it seems reasonable to conclude that the physical
nature of shale and tillite is an influential factor for the control
of mineralization rather than metal content of the shales. Also,
copper mineralization has been found in all formations investigated
in detail (this leaves out the Unnamed Green Graywacke and the
Unnamed Dolomite) including the various diapiric bodies.
In sedimentary rocks the abundance of cobalt usually pre
dominates over nickel, though, except for siliceous plutonic rocks,
nickel is about ten times more abundant (Rankama and Sahama, 19S0)
in igneous rocks. The present and Binks (1968-b) studies show that
cobalt is only slightly subsidiary to the nickel content, suggesting
that at the surface high cobalt and nickel values are merely due to
sediments containing slightly more of these metals instead of copper
mineralization.

As has been previously pointed out, anomalous copper

values do not show any unusual cobalt or nickel values.
1.1 Beneath the Zone of Weathering
Qualitative chemical data is unfortunately restricted and
limited to the drill cores of the Mt. Rose Mine. The metal content
of reconnaissance sample at selective intervals of these cores
(Appendix B) is erratic.

Anomalous copper values are mostly related

to veins or pyrite-rich sections. The lack of a consistent association
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of anomalous copper values, to all abundant pyrite zones i.e. Sample
No. 6-309, confirms the petrographic examination, that the pyrite
is devoid of chalcopyrite. Where chalcopyrite has been observed
(Sample No. 7-187, Table 4) extremely fine-grained pyrite occurs
only in small quantities but is rarely in direct contact with the
chalcopyrite.
The anomalous amounts of cobalt and nickel reported in some
of the reconnaissance samples of DDH-6, led the writer to an
investigation to determine the Co, Ni, and Cu content of four pyrite
samples. Pyrite was suspected to be the carrier of these metals.
The consistency of the cobalt and nickel ratio determined for the
surface samples apparently is not present in the pyrite. The Co/Ni
ratios of pyrite are: 0.32 (fresh shale); 0.37 (massive pyrite with
siderite and montmorillonite/kaolinite); 1.33 (interstitial vein
type) and 3.90 (massive vein type).
Pyrites associated with six Canadian hydrothermal copper ores
have, as determined by Hawley and Nichols (1963), except for one
deposit, a relatively consistent and high Co/Ni ratio (27.3, 28.2,
28.3, 38.2, 38.7 and 11.6). As pointed out by Fleischer (1955)
jgost samples of pyrite of hydrothermal origin contain more cobalt
than nickel, though the reverse relationship has also been reported.
Separate studies by Carstens and Hegemann show, as is cited by
Fleischer (1955, p. 1004), that pyrite of sedimentary origin is
characterized by a low (Co<Ni) ratio, while in pyrite of hydrothermal
origin the relative amount of cobalt increases (Co>Ni),
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As far as the present study is concerned, the Co/Ni ratio of
pyrites is low for two samples, marginal for one and medium high for
one (6-405; 3.90). This highest ratio comes from a massive pyrite
vein, while the lowest (0.32) is pyrite from an unaltered shale.
These results suggest then, that origin of the pyrite is related to
sedimentary pyrite.

According to Fleischer's compilation the cobalt

content is higher in pyrites of the higher temperature regions of
the same deposits. Therefore it is reasonable to assume, though
based only on an individual data point, that the medium-high ratio
of the vein-pyrite (3.90) is related to a higher temperature zone
than pyrites from other areas.

CHAPTER XIV
RELATION BETWEEN MINERALIZATION AND ALTERATION

Considering the relationship, if any, between the copper
mineralization and alteration, all possible factors have to be
examined and evaluated.

As Grim (1968, P- 491) points out: "The

study of alteration products is complicated by the difficulties to
distinguish between hypogene and supergene products
mineral may develop in both processes".

the same

Therefore, just the

identification of alteration products does not give conclusive
evidence as to the type of alteration.

Because the area of influence

is so much different between surface and subsurface information,
these two aspects are examined individually.

Surface data are

limited to outcrops, are influenced by weathering but do extend over
a large area.

In contrast, subsurface data are continuous and exact,

though restricted to a line (drill hole).
The comparative study of the Yanka Diapir conclusively
revealed that alteration is lacking where there is no copper mineral
ization. The host rock of the Yanka and Mt. Rose Diapirs are the
same, while the country rock of the southern part of the Vocavocana
Fracture Zone corresponds to parts of the host rocks of the satellite
diapirs. Therefore, the same shale sequence (Tapley Hill Formation)
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is associated with, three small diapiric bodies of which two contain
copper mineralization and alteration, while the third lacks both.
Examining now intersecting veins, isolated veins, and
alteration unrelated to veins, the alteration-mineralization relation
ship becomes less conclusive. Intersecting veins containing either
copper, iron or manganese have alteration haloes while near
individual, metal-containing veins a change is apparently lacking.
A non-carbonaceous (in places sericitic) alteration halo is limited
to within a couple of meters from metal-containing, intersecting
veins. Due to a higher permeability parallel to the bedding, these
haloes are often elongated.

Veins seem to be totally lacking in the

calcareous zone, the weakest type of alteration. The metasomatic
changes associated with a barren dolomite vein CPet*°graphj-c sample
No. S-82) is a different type than the alteration associated with
copper. Therefore, a pattern evolves indicating that an isolated
copper manganese, or iron vein is insufficient to cause changes in the
wall rock while closely-spaced or intersecting veins affect the host
rock.

*

•

Comparing the depths of weathering between similar rock types
^shales) of two drill holes there exists a marked difference.

In

DDH-5 the zone of weathering extends to over 100 meters but only to
ten meters in DDH-7.

Both shales are sheared and contain pyrite or

the oxidized product. Therefore it seems to be reasonable to assume
a slight permeability difference between the shales of the two areas.
Hypogene alteration would penetrate regions of least resistance first
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i.e. areas of higher permeability. In fact, DDH-5 is in an area of
extensive non-calcareous alteration, while DDH-7 is within a
calcareous zone. The foregoing analysis has not treated the problem
of hypogene alteration vs. weathering affects, but it is reasonable
to postulate that if supergene alteration does exist around the Mt.
Rose Mine, then the changes around DDH-5 were affected first by
hypogene processes and second by weathering.
Before turning the attention to subsurface evidence, a brief
analysis of petrographic data is presented.

Actual silicification

in the form of quartz or other silica minerals is rarely observed.
Strongly weathered rocks containing quartz, non-massive iron oxides
and voids (caused by weathering), or quartz in a-breccia or along
pressure fringes are the only direct evidences of silicification.
Muscovite or related minerals is the most prominent mineral (ji 80%)
in rocks from this zone.

Vein-type quartz (Petrographic Sample No.

S-2, a and b; Fig. 20) is associated with a-breccia.

Because all

silicified rocks are strongly weathered, the same question arises in
the case of the altered shale: Is the comb-type quartz precipitated
from ascending or descending solutions?
At surface conditions amorphous silica is the most soluble
and abundant form of silica (Krauskopf, 1959). The relative amount
of dissolved quartz increases with temperature and, according to
Abdel-Gawad and Kerr (1963, p. 34, citing White) dissolved quartz
would be a stable phase at temperatures above those prevailing at

137
the surface. Therefore it seems reasonable to conclude that the
vein-type quartz (Fig. 20) precipitated from ascending solutions
rather than from descending or weathering solutions.
Clays identified from below the zone of weathering are
kaolinite and montmorillonite, the former being most abundant. Due
to the lack of evidence that these clays were in contact with surface
waters, there is little doubt as to the hypogene origin of these
minerals. Further, the close association of massive pyrite, siderite
and the clays points to a mineralization-alteration which is common
for veins of hydrothermal origins. Besides, entire sections of the
core, particularly DDH-5, below 370 feet, are totally altered. The
rock has a white color, is friable and consists of only -clay, very
fine-grained siderite, and very fine-grained pyrite.

Breccia

fragments of different texture are made up of the same mineralogy.
The wide stability ranges of montmorillonite, kaolinite,
pyrite, quartz and siderite are such that, by themselves, the minerals
are not diagnostic for any particular geological environment.

A

water-saturated media containing dissolved materials such as silica,
CO2 and various ions seems to be the most likely environment and
transportation media to cause the sub-surface alteration zones.
Depending on the regional geothermal gradient and depth of burial
the origin of the alteration could be hydrothermal-type fluids.
According to Creasey (1966, p. 58): "Hydrothermal alteration is a
metamorphic reaction in which water at all times and silica and CO2
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sometimes are present in excess".

A normal geothermal gradient (359C/km

or 1.92°F/100 ft; Holland, 1967, p. 391) would require a little over
two kilometers sediment overburden to reach, a temperature of 100QC
(assume surface mean T. of 30°C). In fact, the three kilometers
(stratigraphic) difference between the Burr and the Mt. Rose Mine
Diapirs would represent a difference of 100°C, if the Mt. Rose Mine
Diapir were directly over the Burr Diapir. According to Thomson (1969)
the stratigraphic difference between the Upper Callana Beds (diapiric
sequence) and the Tapley Hill Shale is more than eight kilometers.
This represents a temperature difference of 280°C.
Subsurface information and analytical data are insufficient to
substantiate the implication of a hydrothermal-type alterationmineralization with conclusive evidence. However, considering all
aspects such as vein-type quartz, hypogene clays, gangue minerals
and close spatial association between mineralization and alteration
at the surface, the evidence points to a hydrothermal-type alterationmineralization.

SECTION C : CONCLUSION AND SYNTHESIS
CHAPTER XV
MECHANISM OF INTRUSION AND CAUSE
The ultimate objective of a geological study should not only
attempt to unravel the geological complexity, but also include the
cause and effect relations.

In this section an idealized model for

small diapiric bodies is presented and the cause of the mineraliz
ation and alteration is suggested.
Small diapiric bodies, such as the Yanka and Mt. Rose Mine
Diapirs and the Vocavocana Fracture Zone, are intruding by wedging,
pushing the host rock aside and incorporating parts of the wall rock
material. The host rock is essentially passive, particularly at the
upper level or initial stage. Fluids have an important role in this
mechanism.
Fig. 43 illustrates how the upper extremities or apophysis
may look in cross-section. The main features include a carbonaterich breccia mass containing rock fragments from lower levels rising
in an irregular, wedge-like manner and incorporating dislodged wallrock fragments.
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L.B.

y»'i .i

Fig. 43

ravei

Photograph and Geological Sketch of Diapiric Lubricant
Invading Sediments.

Notice breccia fragments and partially dislodged wall rock in diapiric
material (d). The host rock of the breccia is believed to be a rafted
block and not the true country rock. Photo was taken in Ross Creek at
northern part of the Vocavocana Fracture Zone.
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A schematic section for two different types of host rocks of
the Mt. Rose Mine Diapir environment are illustrated in Fig. 44.

A

zone of structural weakness such as a fault, is invaded by massive
carbonate forerunners or diapiric lubricants. These are connected
by apophysis containing an increased amount of diapiric material
and breccia fragments. The relative abundance of interstitial
fluids decreases away from the extremities or the host rock-diapir
contact.
The adjustment of the host rock to the intruding mass depends
on the physical nature of the wall rock. Zones of decreasing
intensity of structural disturbance are peripherally related to the
cold intrusive.

In shales these zones are : a-breccia, faults and

restricted breccia zones and shear cleavage.

In calcareous rocks

these adjustment zones of the host rocks are less well defined than
in the shale but include tightly squeezed rocks, small-scale folds,
and local folding.

At deeper levels the inner zones of the host

rocks are incorporated by the uprising mass.
The three small diapiric bodies of the area of investigation
are at different levels of erosion. The Vocavocana Fracture Zone
represents the highest level, the Mt. Rose Mine Diapir an inter
mittent level, and the Yanka Diapir is exposed at a still deeper
level.

A tear fault, due to differential uprising of the diapiric

mass, is suggested as the zone of structural weakness causing the
development of the Vocavocana Fracture Zone.
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The sum of the physical differences between the diapiric rock
and the host rock is the reason for the structural behavior of the
diapiric rocks. In order of importance these differences are : a
lower specific gravity, a lower viscosity and lower mechanical
strength of the cold intrusive rocks as compared to the intruded
rocks. The low viscosity and low density and high (?) permeability
are thought to be related to interstitial fluid. The dolomite of the
diapiric source rock is dissolved and redeposited by the interstitial
fluids and contributes to the lower viscosity of the cold intrusive.
The ultimate cause of the domal type diapirs and the initial
diapiric movement is subject to much speculation as evaporite-type
deposits, commonly associated with diapirs, are apparently not
related to the source rocks (Lower Callana Beds). This fact makes
the diapirs of Flinders Ranges anomalous because the gross
lithological character of the source bed does not appear to be
markedly different than the overlying strata.
It is here suggested that the Lower Callana Beds were sealed
off and therefore the normal dewatering of the sediments was
prevented during the diagenetic processes. Such sealing could be
caused by the Wooltana Volcanic (lowest sequence of Upper Callana
Beds). The trigger mechanism for initiating diapiric rise is
thought to be movement along geosutures of the basement.

CHAPTER XVI
ORIGIN OF MINERALIZATION AND ALTERATION
Mineralization and alteration related to small diapiric
bodies is caused by low temperature hydrothermal fluids. These
fluids are migrating at or near the contact of the host rock-diapir
along irregular, ill-defined channel ways.

Alteration and

mineralization are thought to be closely related in space and time.
The origin of the fluids cannot be related to any particular
source, but fluids released during diagenesis of sediments from the
lower sequences of the Adelaide System are the proposed source. It
is suggested that the normal geothermal gradient is sufficient to
produce fluids which behave like hydrothermal fluids at upper levels.
The lack of igneous rocks, not only at the study area but also in
most diapiric structures of the Flinders Ranges, implies that deepseated igneous activity is not the source of migrating fluids, but
the possibility is not totally excluded. Dioritic rocks (Blinman
Dome Diapir, central part of Burr Diapir) associated with diapiric
structures could be related to small, local heat domes in the basement.
Porosity channels are created near the contact because of
the physical difference between the host rock and the uprising
diapiric breccia. Areas particularly favorable for channels are
created when non-brecciated sedimentary blocks drag along a
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ngn-yielding and therefore brecciating host rock. These channels are
highly irregular and act as conduits for escaping fluids seeking lowpressure regions.
The origin of the mineralization and alteration is caused by
a chemical inibalan.ee at a particular location and time: material is
dissolved by the passing fluids at lower levels (higher temperature
and pressure) and deposited at higher levels.

A particular

sedimentary sequence is not thought to be responsible for contributing
the metallic ions, but copper and other material are removed along the
channel particularly in areas where the chemical conditions are most
favorable for dissolving material.

At higher levels physical changes

(lower pressure and temperature) cause a chemical imbalance resulting
in pyrite, chalcopyrite deposition and in alteration. Increased
surface area of brecciated host rock and a chemically favorable
environment of the host rock could also act as a trigger mechanism
for mineralization and alteration. During this stage, major diapiric
movement has subsided.
The hydrothermal fluids are relatively weak and are incapable
of removing all carbonates from massive dolomite sequences, though
calcareous shales are changed to non-calcareous rocks. At centers of
intense alteration new minerals formed include siderite, kaolinite,
montmorillonite, pyrite and (?) sericite.
A brittle host rock seems to be a favorable site for
mineralization for small diapiric bodies.
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hflineralizing fluids penetrating isolated joints at a distance
from diapiric bodies are not sufficiently strong to produce a
noticeable alteration pattern, while around intersecting veins an
accumulative alteration affect will cause local haloes. These are
commonly elongated parallel to the more permeable bedding plane
direction.
The minor mineralization within the diapir is also caused by
interstitial fluids, but the chemical and physical nature of the
diapiric mass does not facilitate extensive porosity channels, and
therefore little mineralization and alteration. The origin of the
chalcopyrite blebs in the massive rafted dolomite (Sample No. S-86)
cannot be -related to any particular source. This problem requires
additional studies.
The validity of the carbonaceous-type alteration has to be
investigated from subsurface data.

In contrast, any area showing a

non-carbonaceous-type alteration and particularly silicification
should be investigated for possible copper mineralization.

APPENDIX A
ADDITIONAL LITHOLOGICAL DESCRIPTION
The description that follows in this section covers the
formations not related to the satellite diapirs. The main features
of the stratigraphic units are also shovm in Table 3 of Chapter III.
Most of the information presented here is based on boundary and
profile mapping.
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I. SURFICIAL DEPOSITS
The surficial deposits are divided into two groups according
to their origins: those related to creek beds and those formed from
the decomposition of rock e.g. soils. Fluvial deposits are restricted
to water courses and consist of river-graveIs, sands and minor
amounts of clays.

Appreciable amounts of fluvial deposits occur

only at the inside curves of large river bends. About 20 to 40% of
the creeks and larger river beds are exposed.
Soils are poorly developed and rock exposures are excellent.
As determined from the geochemical work, the average depth of the
soils is only between five to twenty centimeters and rarely reaches
one meter.

Because surficial deposits are either totally absent or

represent only a small, insignificant lithological entity, they were
not mapped except in the extreme northwestern portion of the Yanka
Diapir area (Fig. 5).
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II. THE YUDNAMUTANA SUB-GROUP
The characteristic lithology makes this unit an excellent
stratigraphic marker.

Both the upper and lower contacts are well

defined by contrasting rock types.

Previous investigators (Campana

and Wilson, 1955; Reyner and Pitman, 1955; and Mawson and Sprigg,
1950) refer to this sequence as the Lower Tillites.

A better

lithological term would be fluvial-glacial deposits because true
tillites, i.e. unsorted angular, non-stratified boulder-clay
sediments are actually rare.
The thickness of this sequence varies tremendously
(compare also Fig. 8), Reyner and Pitman (1955, p. 2) site a range
from less than 17 to over 1000 meters for the Serle Geology Sheet
(1953). In the study area, the thickness is between 175 meters in
the east and at least 1500 meters at Profile B (Fig- 2).
An average unstratified tillite would contain slightly
rounded pebbles (5 to 15%), scattered cobbles(less than two percent)
and a matrix of sand-size and smaller detritus with dolomite cement.
A fresh rock has the appearance of a light-grey, lean gravel cement;
weathered surfaces are pale brick-red.

The abundance of the detritus

varies considerably and angular boulder-size erratics are rare.

Clear,

glassy, angular to sub-rounded quartz grains less than three percent,
one to two millimeters in diameter are characteristic for the
Yudnamutana Sub-group.
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Towards the upper contact a 3 to 8 meter ill-defined massive
quartzite bed forms the center of a slightly siliceous sequence
Which is an excellent ridge-former.

A notable facies change occurs

700 meters due north of Mt. Heather where the monotonous pebble
tillite is replaced by a 100 meter thick sequence of soft, bedded
mudstones and arenaceous shales. This same stratigraphic horizon
changes toward the west (Profile B-52-53) to well-bedded dolomitic
sandstones, arenaceous shales, and arenaceous to silty dolomites.
The lower contact of the Yudnamutana Sub-group, in some areas
well-exposed,is an angular unconformity. The actual angle of the
unconformity is only rarely determinable, since the lowest Sturtian
tillite does not exhibit bedding surfaces.

III. THE BURRA GROUP
In the area of investigation the Burra Group is represented
by the Unnamed Dolomite, the Unnamed Green Graywacke, and the
Skillogallee Formation.

Evidence for correlation of the unnamed

formations with other rock units of Torrensian age in the Adelaide
System is presently lacking. Excellent rock-unit correlation
exists between the Skillogallee Formation and a lower quartzite or
sandstone formation which forms the basal unit of the Burra Group
(Copley Quartzite in the western part of the Burr Diapir).
1. The Unnamed Dolomite
The thickness of this monotonous dolomitic formation varies
considerably (2,200 meters in Profile A, Fig. 2), due to the
unconformity (upper contact) and diapiric activity during the time
of deposition and after consolidation.

The latter factor is

particularly obvious in the northern limb of the Burr Anticline
where an onlap on the exposed part of the diapir is evident from the
stratigraphic thinning near the diapiric contact (see error, Fig. 8)
From the present study there appears to be no systematic
lithological change within the entire formation. The formation
consists of: thin-bedded (0.4 to 1.8 cm) to laminated sandy to shaly
occasionally arkosic, dolomite beds containing abundant ripple marks
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dolomitic,arenaceous shales; greenish, calcareous mudstones; a few
beds of dolomitic sandstones and shales; some quartzite beds and
argillaceous sandstones. Ripple marks are common throughout the
formation and are revealed on weathered surfaces (cross-section) by
hairline-thin wavy irregularities.

A massive (18 meters) pebble

tillitic dolomite (S to 15%) (pebble conglomeratic dolomite)
argillaceous sandstone (8 meters, top) and a massive orthoquartzite
bed (four to five meters, bottom) is a topographically prominent
marker sequence which is also traceable on aerial photographs.
Pyrite has been observed at quite a number of localities; on
account of its small size (0.1 to 1 mm), it can be easily overlooked.
Apparently the thin (2.5 to 8 cm) quartzite beds and very-fine sandy
dolomites or dolomitic sandstones are favorable hosts. This mineral
usually occurs in the anhedral form.
The contact between the Unnamed Dolomite and the Unnamed Green
Graywacke is poorly defined. Directly east of the eastern end of the
Burr Diapir a fault-contact may separate the two formations.
1.1 The Unnamed Green Graywacke
This lithologic unit is not very characteristic and may be
contaminated with diapiric material around Profile A, Stations 10 to
13, Fig. 2 (E b 82), At this locality a characteristic dark-green
(bhloritic alteration) and whitish (sericitic alteration) color
predominate while north of the fault the Unnamed Green Graywacke
(E b 8p is very similar to the Skillogalee Dolomite.
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Judging from the contact observed in th.e field, the contact is
much more pronounced and distinct (markedly different vegetation
patterns, different topographic expression) on aerial photographs than
on the basis of lithological differences.
1.2 The Skillogalee Dolomite
The oldest member of the Burra Group exposed in the eastern
part of the Burr Diapir is the Skillogalee Dolomite, which, according
to Thomson (1968, p. 59) is one of the most persistent marker beds in
the Adelaide Geosyncline.

Rocks encountered are interbedded, dark to

light-gray, steel-blue or white beds of dolomites, sandy dolomites and
dolomitic very-fine sandstones, siltstones and shales.

The nearly

steel-blue-gray color, erratic quartz grains and ripple marks are
some of the characteristics. Cubic hematite (after pyrite) is present
in some dolomitic layers.

APPENDIX B
DESCRIPTION OF DIAMOND DRILL HOLES AND ASSAY RESULTS
The core of four drill holes CDIM-5, 6, 7, 11) were logged
by the writer and represent the only known subsurface information
available of the area. The collar locations are shown on Figs, 2
and 3.

An unknown number of short percussion holes have been drilled

around the Mt. Rose Mine, but the cuttings were not kept.
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I Diamond Drill Hole No. 5
Location : North east of Mt. Rose Mine (Fig. 3)
Bearing
Length

138°M
552 feet

FOOTAGE
(INTERVAL) WEATHERED

Inclination :
-55°
Old coordinates : 300N, 230W

ALTERATION

Yes

Strong
bleaching
(N.C.)
sericitic

116'-154'
(38')

Yes

Spotty
bleach
(trans
itional

154'-180'
(26')

Yes and
No?

0-116*

(116

Silicification?
Sericitic
Mnr. cal
careous

STRUCTURE
Strong
cleavage
Bedding 35°

do

MINERALIZATION
Minor oxidized
euhedral pyrite
(limonite) //
to bedding.
In places up to
3%

do

Bedding91 60° Minor oxidized
pyrite //to
Squeezing
present
bedding and in
veinlets

DESCRIPTION

FORMATION

Very porous white to T.H.F.*
cream shaly rock
(typical altered and
weathered T.H. shale)

do

Shaly to gritty
white to ironstained rock; in
places very dense
and hard (silicified). Sharp
contact at 155f
between porous
bleached rock and
silicified.

T.H.F,

T.H.F,

I DDH No. 5 Continued
180'-193'
(13*)

Yes

Bleached
and
sericitic

Squeezed
rock

Oxidized pyrite

Gritty to v.f. sandy T.H.F,
soft yellowish
(limonite-stained)
rock. Delimed
dolomite bed?

193'-195'
(2'3

Yes

N.A.

Vein

Oxidized pyrite

Oxidized pyritic
zone

N.A.

195'-237'
(42 *)

Yes

Intermittent Bedding 50Q
bleached and (obscure)
silicified
(N.C.)

Minor dissm.
oxid. pyrite

Various delimed
shales, gritty
shales

T.H.F.

237'-330'
(93»)

Yes

Bleaching
(N.C.)
Argillic
(Kaolinite?)

330'-365*
(35')

Yes

Limonite

365'-370'

Yes

N.C. in
places
sericitic

(5')

Light-colored fineIntermittent V.f. oxidized
pyrite (hematite) grained (gritty)
fracture
rocks; in places
Hematite (py)
zones;
broken
veins
Bedding
65-70°
Limonite-stained
None _ observed
Broken,
shaly
rock
fractured
and sheared
Squeezed
breccia

None observed

T.H.F.

Transition
zone T.H.F.
in parts

Soft, porous sheared D-breccia?
limonite-stained
rock.

tn
ON

I DDH No, 5 Continued
370'-386'
(16')

No

3861-430'
(44')

No

do

430'-542'

No

N.C. in
part
argillic;
various
degree of
alteration

No

(112«)

542'-552'

(10 f )

N.C.
Breccia
Argillic
(White
Kaolinite?)
Sericite?

Disseminated
pyrite

Essentially a d-brec. D-breccia
with a-brec.(?)
fragments; blebs of
quartz, in places up
to 40% clay
(Kaolinite-: .
montmorillonite ?)

Breccia

None observed

As above but slightly D-breccia
different clay
character

Breccia

None observed

Diapiric breccia
D-breccia
with (?) rafted
blocks; coarse
grained dolomite;
alteration, color
and clay content
varies considerably.

Minor
Breccia
interstitial
white clay
(Kaolinite?)

None observed

Fine-grained sandy
dolomite; possibly
wall rock (rafted
block?)

t = non carbonate

* «

Tapley Hill Formation

T.H.F. ?

Metal Content (DDH-5)*
Reconnaissance "f" ^Results in ppm)
Depth (feet)

Cu

Pb

Zn

Co

50
100
150
200
250
300
350
400
450
500
550

350
50
560
5200
420
880
370
250
30
5
10

40
<20
<20
80
<20
<20
<20
<20

45
25
20
450
25
70
20
60

10
<5
<5
140
<5
15
10
700

Interval

Cu

Interval

Cu

150-155
155-160
160-165
165-170
170-175
175-180
180-185
185-190
190-195
195-200

230
1200
820
590
290
410
680
1700
1400
1200

200-205
205-210
210-215
215-220
220-225
225-230
230-235
235-240
240-245
245-250

1200
150
280
850
340
750
400
270
230
360

* Data supplied by McPhar Geophysicst Adelaide,
t Sample-taking method unknown.

II Diamond Drill Hole No. 6
Location : Southeast of Mt. Rose Mine (Fig. 3)
Bearing : 310°M
Length : 406 feet

FOOTAGE
(INTERVAL) WEATHERED
0-26'
(26')

26'-81'

(55')

81'-115'
(34')

Yes

No
(Inter
mittent
yes)

No

Inclination :
-60®
Old coordinates: 60 W, 180 S

ALTERATION

STRUCTURE

MINERALIZATION

DESCRIPTION

FORMATION

Calcareous

Squeezed
(breccia)

Minor iron
oxides after
pyrite (?)

Brecciated (?) and
strongly squeezed
sandy to argillic
dolomite with
barren dolomite

Partial;
chloritic
argillic
(Kaolinitemontmorillonite)*

Squeezed
(breccia)

Minor anhedral
pyrite

As above except
T.H.F.
fresh; white clay
(Kaolinite-montmorillonite)* in
interstices, same
lithologic character
of rock fragments

Minor dissm.
pyrite

Brecciated and
T.H.F.
squeezed cream to
greenish argillic
dolomite with squeezed
dolomite blebs and
biotite, reddish quartz
blebs.

Intermittent; Squeezed
siliceousbreccia
argillic

T.H.F.

t/i
to

II DDH No. 6f Continued
115'-1871
(72•)

No

Intermittent, Squeezed
siliceousbreccia
argillic

Minor dissm.
pyrite

As above; slight
variation in
dolomite fragments,
but similar in
character.

Minor pyrite most
common at edges
of fragment,
vein-like dissm.
py and gangue

T.H.F,
Greenish argillic
dolomite; great
changes in structural
make-up. Dolomite
cuts barren pink
quartz.

187'-309'
(122*)

No

Minor to
Argillic
(Kao.-mont.) strong
siderite *
squeezed
bedding at
places 0°,
some breccia

309'-323'
(14')

No

Strong
siderite
with py,
argillic.

323'-406'
(83')

No

Intermittent
strong
argillic
siderite *

Squeezed
breccia

do

. * =

T.H.F.

Same rock type as
Increase in
pyrite in places above; extreme
alteration by
up to 40%
pyrite

T.H.F,

Vein-like pyrite Fine-grained sandy
dolomite in places
totally altered

T.H.F,

Identified with X-ray.

o\
o
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Metal Content CDDH-6)
Reconnaissance (Results in ppm)
Depth (feet)

Cu

£!l

Zn

Ni

Co

Co/Ni

50

40

35

25

55

40

0.73

100

190

25

20

60

80

1.32

150

15

35

20

50

45

0.90

200

15

40

20

50

45

0.90

300

160

30

20

60

180

3.00

320

90

<20

15

95

300

3.12

350

75

30

15

260

560

2.12

400

20

25

25

120

170

1.42

Ill Diamond Drill Hole No. 7
Location : Southeast of Mt. Rose Mine (Fig. 3)
Bearing
Length

3189M
500 feet

FOOTAGE
(INTERVAL) WEATHERED
0-50*
(SO')

Yes
partial
(10-30%)

Inclination :
-50°
Old coordinates : 200 W, 410 S.

ALTERATION
Sericification (?)

50'-60'
(10')

No

do

60'-155'
(95-)

No

do

STRUCTURE

MINERALIZATION

DESCRIPTION

FORMATION

Strong
cleavage

Veinlets with
calcite and
calcite-hematite
(after pyrite);
intermittent
pyrite blebs and
pyrite veinlets

Reddish, gray and
T.H.F.
black slaty, sheared
shale, with minor
fine-grained
micaceous minerals;
non-black color due
to weathering
particularly along
bedding and/or
cleavage planes.

Cleavage
55°

Cubical,
octahedral and
anhedral pyrite

As above except no
weathering, pyrite
also around squeezed
fragments.

T.H.F.

Cleavage

do

do

T.H.F.

60°

Ox
K>

Ill DDH No. 7 Continued
155'-175*
(20*)

No

175*-212'
(37')

No

212,-2451
(33')

No

245'-280'
(35')

No

280'-435'
(155')

435'-500'
(65')

No (?)

Cleavage

do

60°

Gradual change from
dark-colored shale
to lighter colored
argillic sandstone
and arenaceous to
argillic carbonate

T.H.F.

Coarse and fine
grained sandy
dolomite

T.H.F.

Strong
cleavage

Minor chalcopyrite on
cleavage planes
dissni. pyrite

Bedding

Pyrite up to 5%; Dense, cream
minor chalcoargillic dolomite
pyrite? @ 190'

T.H.F.

10°

Calcareous?
Chloritic?

Squeezed;
Average
bedding 40°
some 09

Pyrite, in places Dolomitic marble
with distorted
up to 30%
dolomite veins with
chlorite (?)

T.H.F.

No

Chloritic?
calcareous
minor
argillic

Intermittent Disseminated
squeezed
pyrite up to
breccia with 20%
irregular
calcite
veining

No

Minor
argillic

Breccia to
squeezed
rock

Argillic
in spots

Minor dissm.
pyrite

Various fine-grained T.H.F.
dense dolomitic
rocks; euhedral
dolomite porphyroblast at 317
(hornfelsic)
As above, nondolomite content
varies consider
ably.

T.H.F.

»-»

o
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Metal Content (MM-7)

a) Reconnaissance (Results in ppm)
Depth (feet)

Cu

Pb

Zn

Ni

30

20

40

15

130

100

50

35

20

20

150

45

20

15

<5

200

20

30

15

20

250

25

40

10

180

300

10

20

20

50

350

10

60

10

35

400

5

40

10

.20

b) Detail
Interval

Cu (percent)

175-180

0.03

180-185

0.07

185-190 *

0.18

190-195

0.02

195-200

0.06

; * Chalcopyrite on shear planes (see also Table 4, Chapter IV)

IV Diamond Drill Hole No. 11
Location : West of southern end of Vocavocana Fracture Zone
Bearing : Easterly
Length : 153 feet

FOOTAGE
(INTERVAL) WEATHERED

Inclination : -50° (±)

ALTERATION

STRUCTURE

MINERALIZATION

DESCRIPTION

FORMATION

0-88»
(88 •)

Yes

Not
observed

Bedded (80°)
faulted and
breccia
(angular)

Malachite on
joints, minor
in breccia.
Fine (0.5 mm)
disseminated
oxidized pyrite
and (?)
chalcopyrite
parallel to
bedding

Silty shale, dark
to light-colored

T.H.F.

ss'-sy
C9')

Yes

Not
observed

Breccia

Absent

Iron-stained,
greenish breccia
with shale
fragments

Transition
Zone

97'-153'
(56»)

No

Chloritic?

Breccia well- Absent except
developed
for isolated
pyrite grain

Dark-green to light
D-breccia
very angular to
rounded fragments
with same coarse
dolomite; minor
dolomite-lined vogues;
distorted § squeezed
dolomite veinlets
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Table B-l.

SAMPLE No.

t

*

Cobalt, Nickel and Copper Contents of Selected
Pyrite Samples
GEOCHEMICAL RESULTS t
Co
Cu
Ni

Co

RATIOS
Ni

Cu

6-251

800

600

160

1.33

1

2.60

6-309

340

920

700

0.37

1

0.76

6-405

860

220

46

3.90

1

0.21

7-118

75

230

230

0.32

1

1.00

Results in ppm (*10% at 500 ppra; commercial analysis).

* Sample preparation;
Samples crushed, sieved (+ 125 - 80 mesh fraction), heavy liquid
separation (di-io domethane, 3.33 gm/cm^), washed, and run
through a magnetic separator [Frantz, Isodynamic Model L-l;
5° back tilt, 7.5° slope, 1.0 amp. Gas determined from known
pyrite-chalcopyrite sample)].
x Optical Examination of Analyzed Pyrite
Pyrite Form

Nonmetallics

6-251

All pyrite conchoidal
fractures.

Quartz intergrowth attached
to pyrite grains (1%±)

6-309

All pyrite conchoidal
fractures.

Ferroan dolomite and quartz
(1-2%)

6-405

25% granular. Some
grains iron oxide
stained.

Quartz-pyrite intergrowth.
(1%*)

7-118 3-5% subhedral, some
euhedral.

< 1% nonmetallic, but no
pyrite intergrowth.

APPENDIX C
DETAILED PETROGRAPHIC DESCRIPTION
The location of the following petrographic samples are shown
on the maps (Pigs. 2, 4 and 5). These samples are also briefly
described in Chapter IV, Table 4.
Sample No. S-96

Micaceous quartz shale with oxidized pyrite

Sample No. DDH-7-124

Shaly calcareous quartz siltstone

Sample No. DDH-6-81

Very fine-grained dolomite marble with albitedolomite-quartz veinlets.

Sample No. DDH-6-187

Very fine-grained phlogopitic dolomite marble
with albite-doloraite-quartz veinlets

Sample No. DDH-11-126

Multilithologic dolomite marble breccia

Sample No. DDH-11-148

Micaceous marble breccia

Sample No. S-225

Multilithologic dolomitic-biotite quartz
breccia

Sample No. S-87

Biotitic quartz dolomite marble

Sample No. S-88a, b

Bedded albite, quartz, dolomite marble with
chalcopyrite

Sample No. S-82a, b

Quartz, phlogopite siltstone with dolomite
porphyroblasts
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Sample No. S-96
Location

: Mt. Rose Diapir, Fig. 4.

Rock name

: Micaceous quartz shale with oxidized pyrite
("Laminated shale").

Hand specimen

: Non-carbonaceous shale with small oxidized pyrite
grains.

Microphotograph : Fig. 16
Thin section :
Optical estimates of constituents (in percent):
Quartz
Sericite-muscovite
Iron oxides (goethite, limonite)
Chlorite
Unidentified material (illite?
oxidized organic material?)
Pyrite (replaced by iron oxides)
Opaque minerals
Heavy minerals (tourmaline, zircon)
Open spaces

25-35
10-20
5-15
5-15
5-15
1-3
trace
trace
5-15

The rock is a well-weathered, porous fine-grained sediment
with grains of a size range between 0.003 to 0.03 mm. Bedding planes
are recognizable by the alignment of micaceous minerals and minor
changes in grain abundance. The authigenic quartz grains have a vague
or fuzzy boundary and appear to be partially dissolved at the edges.
Minor metamorphic changes (low chlorite) have realigned a few
micaceous minerals which now make a constant angle with the bedding
planes. Iron oxides, mostly limonite, are concentrated and weakly
aligned in the same direction with the micaceous minerals not parallel
to the bedding. Secondary quartz occurring as irregular patches,
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exhibits undulatory extinction. This quartz is devoid of other
minerals and the grain size (0.05 to 0.1 mm) is markedly larger than
the rest of the rock.
Grains of oxidized pyrites (0.15 to 0.45 mm) are mostly
euhedral. Many of these grains are surrounded by cloud-like haloes
of limonite. Half of the hematite pseudomorphs have a directional
quartz growth or pressure fringes (Fig. 16). This quartz growth is
more prominent at one constant side of the larger pyrites and the
direction is roughly parallel to the metaraorphic direction e.g. in
the same plane as the elongated micas.
History :
Low-grade metamorphism (green schist fades) and directional
stresses caused metasomatic changes in a silty argillite. Sericite,
chlorite, pyrite, and the removal (?) of carbonates are the major
metamorphic changes.
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Sample No. DDH-7-124
Location

: Mt. Rose Mine, Fig. 4

Rock name

: Shaly calcareous quartz siltstone.

Hand specimen

: Dark to black, laminated gritty shale.

Thin section :
Optical estimates of constituents (in percent)
Ferroan dolomite
Quartz
Chlorite
Organic material
Muscovite (sericite)
Tourmaline
Opaque (hematite-illmanite)
Zircon

35-45
35-45
7-10
3-8
5-8
<1
<1
trace

The rock is a well-bedded and compacted silt-size to very
fine sand sediment containing angular to very angular authigenic
quartz (0,04 mm) angular tourmaline, and a few rounded zircon grains.
Characteristic for the rock is the pointed to wedge-shaped outline
of the quartz grains. Dolomite occurs as individual grains of a
size range noticeably smaller and larger than the quartz grains.
Detrital flakes of muscovite are parallel to the bedding; most nondetrital (?) grains are short and stubby and are at the borders of
quartz or dolomite grains. Bedding is well-preserved by the parallel
alignment of the opaque organic material.
Low-grade metamorphism (low chlorite facies) accounts for the
non-alignment of a few chlorite flakes and patches of dolomite-rich
spots. In some cases the borders of the quartz grains are serrated
and appear to be partly replaced by dolomite.
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History :
A well-bedded quartz dolomite siltstone underwent low-grade
metamorphism causing the development of chlorite and minor rearrange
ments of minerals.
Sample No. DDH-6-81
Location

: Mt. Rose Mine, Fig. 4.

Rock name

: Very fine-grained dolomite marble with albitedolomite-quartz veinlets.

Hand specimen : Dense squeezed dolomite with deformed veinlets.
Thin section :
Optical estimates of constituents (in percent)
a) Rock (median grain size 0.01 mm)
Ferroan dolomite
Quartz
Biotite (phlogopite?)
Pyrite
Rutile

60-80
10-20
5
trace
trace

b) Veins and Patches (median grain size 0.25 mm)
Albite
5-10
Ferroan dolomite
60-70
Quartz
15-25
Biotite
<5
Pyrite
<2
Isolated shaly fragments (?) with clay
Very fine-grained marble containing quartz grains is laced
with irregular patches and veinlets of albite, dolomite and quartz.
Biotite (phlogopite ?) is present along the veins and patches
boundaries, distributed in a few shaly fragments and in the marble.
Euhedral pyrite is finely disseminated (<0.005 mm in diameter) or
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occurs as larger isolated grains showing directional growth and
dolomitic pressure fringes.
Albite (up to 0.4 mm) with inclusions form a relatively
monomineralogic crystal mass and is often bordered by elongated
large (0.7 mm) dolomite grains.

Isolated quartz grains with corroded

boundaries and (?) incliasions are within or at the boundaries of
these albite-dolomite containing patches and veinlets.

Large

dolomite grains can occur also without albite or quartz. Dolomite
grains are elongated by a ratio 1:10 and are often distorted or
curved.
History :
A shaly and arenaceous dolomite has undergone brecciation or
deformation metamorphism which may have been accompanied by
hydrothermal-type fluids. Deformation has outlasted crystallization
(metamorphism) and possibly there were repeated stages of
crystallization and deformation.
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Sample No. DDH-6-187
Location

: Mt. Rose Mine, Fig. 4.

Rock name

: Very fine-grained phlogopitic dolomite marble with
albite-dolomite-quartz veinlets.

Hand specimen : Greenish fine-grained dense bedded squeezed dolomite.
Thin section :
Optical estimates of constituents (in percent)
a) Rock
Ferroan dolomite
Quartz
Phlogopite (+ muscovite?)
Pyrite
Rutile
Chlorite ?

70-80
10-20
5-10
2-4
<1
(2-4)

b) Veins
Albite
Ferroan dolomite
Quartz
Pyrite
Phlogopite

5-15
60-80
10-20
trace
<5

Essentially same rock type and history as Saaqple No. DDH-6-81
except phlogopite grains are larger than dolomite-quartz grains.
Euhedral pyrite (0.06 mm) and rutile concentrated in irregular bands,
probably old bedding planes.
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Sample No. DDH-11-126
Location

: Southern end, Vocavocana Fracture Zone, Fig. 2.

Rock name

: Multilithologic dolomite marble breccia.

Hand specimen : Dolomitic d-breccia.
Thin section :
Optical estimates of constituents (in percent)
a) Matrix
Ferroan dolomite
Quartz
Biotite
Chlorite (clay ?)
Sericite
Calcite
Clay
Pyrite

50-70
20-30
15-25
5-10
trace
trace
trace

b) Fragments (30-50%)
1) Bedded shaly fragments
2) Quartz
Coarse (up to 0.6 mm) dolomite, quartz and biotite fill
interstitial sedimentary fragments of various lithologies. Biotite
is in places well-developed and forms elongated grains. Frequently
these grains are strongly bent.
fractured.

Most of the quartz is strained or

Dolomite fills the spaces of the broken quartz grains,

which in places is extremely brecciated.
Alteration, both of biotite (chlorite-celadonite ?) and
quartz (sericitic) is present.
Sample No. DDH-11-148.

Alteration is not as abundant as in
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The grain size of the breccia fragments is noticeably finer
(average 0.01 mm) than that of the dolomite-rich matrix.

Dolomite,

quartz, biotite and Muscovite are the major constituents. Usually,
these fragments are bedded, but in some instances%iotite (0.01 to
0.03 mm) makes up as much as 40 percent of the constituents. Bedding
in the biotite-rich rock fragments is obscure or absent. Traces of
very fine pyrite (0.02 mm) may be present in the fragments.
History :
A metamorphosed dolomitic marble having been subjected to
different phases of deformation and crystallization.
Sample No. DDH-11-148
Location

: South end, Vocavocana Fracture Zone, Fig. 2.

Rock name

: Micaceous (biotite-phlogopite-chlorite)
marble breccia.

Hand specimen

: Dolomitic d-breccia with minor lithologic fragments.

Microphotograph : Fig. 17.
Thin section :
Optical estimates of constituents (in percent)
a) Matrix
60-75
Ferroan dolomite
10-20
Quartz
Biotite and/or phlogopite 15-25
5-15
Chlorite (celadonite)
1-3
Muscovite
trace
Rutile
trace
Microcline
. <1
Pyrite

Average diameter (mm)
<
<
<
<

0.6
2.0;
1.0
0.3
0.2
0.1
0.07
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b) Fragments CI5-30% of total rock)
1) Essentially quartz, minor muscovite 0.01 ±
2) Essentially dolomite, minor quartz
minor biotite-chlorite
0.1 - 0.4
The sample is essentially made-up of a dolomite matrix
containing various amounts of quartz, micas, minor constituents and
a few lithic fragments. The lithic fragments are either abundant in
dolomite or quartz. In the quartz rich fragments the relatively
small size of the individual quartz grains and the absence of other
minerals, except for a few grains of muscovite, is peculiar to this
breccia.
The dolomitic matrix is of fairly uniform grain size and well
crystallized.

Biotite, quartz and minor minerals, except pyrite, are

at the boundaries of the dolomite fragments. The pyrite and rutile
grains are usually within an optically continuous dolomite grain.
Biotite and possibly phlogopite are frequently altered to a
dark green mineral, most probably celadonite, an iron-rich mica. In
most cases, the altered mineral occupies a central portion of the
grains. These altered parts are always parallel and elongated to the
cleavage direction. The biotite alteration is extremely varied. Some
biotite patches are free from any alteration, while others,
particularly smaller grains, are almost completely changed to
celadonite.
Fresh perthite grains have not been observed.

All, including

many quartz grains, show sericite throughout the grains.
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Deformation and brecciation are prominent in the quartz and
biotite grains. Most quartz grains, particularly the larger, are
fractured and broken. Sericitic alteration frequently starts at the
fracture surfaces. The elongated, large biotite (and ? phlogopite)
flakes are frequently bent and crenulated. These types of grains
are most abundant aroxmd breccia fragments or at boundaries of quartz
or dolomite grains.
History :
A dolomitic marble containing impurities and contamination of
lithic fragments has repeatedly undergone deformation and metamorphism,
possibly associated with hydrothermal-type fluids.
Sample No. 225
Location

: Yanka Diapir, Fig. 5.

Rock name

: Multilithic dolomitic biotitic quartz breccia.

Hand specimen : Multilithic angular (fine-grained) dolomitic
d-breccia.
Photograph

: Fig. 11

Thin section :
Optical estimates of constituents (in percent)
a) Matrix
Ferroan dolomite
Quartz
Biotite
Opaque minerals
Pyrite ? (oxidized)
Iron oxides
Apatite (?)
Microcline

50-70
30-40
5-15
1
trace
1-2
trace
trace
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bj

Fragments C40-60% of total rock mass)
1) Bedded shaly fragments with, bleached biotite)
(phlogopite ?), biotite, detrital muscovite ) 75%
(0.2 mm long): common
)
2) Bedded shaly fragments with quartzmuscovite: not so common
3) Shaly fragments without bedding; rare

) 15%
)
<5%

Well-bedded, undistorted, angular shale fragments are interbedded in a dolomite-quartz matrix containing various amounts of
biotite. The we11-crystallized (0.3 to 0.6 mm) dolomite fragments
make up the main matrix. Commonly the boundaries of dolomite grains
are angular and irregular, which are now frequently filled with iron
oxides (weathering product).

Most matrices are high in dolomite

content (90% +), while others are high in quartz containing little
dolomite. Small cracks and veinlets in lithic fragments are filled
with dolomite.
Quartz is rich in minute inclusions. This mineral is rarely
strained or broken. Serrated boundaries are quite common between
quartz-dolomite, quartz-lithic fragments, quartz-biotite but rarely
between quartz-quartz.

Very fine iron-stained clay (sericite?) also

is present at serrated quartz boundaries.
Biotite, one type only, is distributed throughout the matrix
and occurs as straight, stubby flakes.
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History :
Shaly rock has been brecciated (tectonic) and enclosed in a
dolomitic-quartz marble mass. Low-grade metamorphism and additional
minor brecciation has produced additional changes both structurally
and mineralogically.
Sample No. S-87
Location

: Profile B between S20 and S21, Fig. 2.

Rock name

Biotitic quartz dolomite marble.

Hand specimen

Bluish and cream dolomite marble.

Microphotograph

Fig. 19

Thin section :
Optical estimates of constituents (in percent)
Size (mm)
Ferroan dolomite
Quartz
Biotite
Microcline
Albite
Magnetite
Dumorterite
Apatite

70-80
10-20
5-15
4-8
1
1-2
1
trace

1.0-1.5
1.5-2.0
0.10-0.15
Up to 2.0
0.5-1.5
0.05-0.8
0.03-0.2

The rock is a holocrystalline dolomite marble. Stubby
flakes of biotite are distributed almost evenly throughout.

La.rge

feldspar crystals appear to have been euhedral and are now rounded.
The albite and some quartz grains are fractured and broken.
forms mostly in interstices and along grain boundaries.

Quartz

Accicular

crystals of dumorterite do not appear to have any preferential areas
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of growth., and small (0.03) splinters occur in continuous dolomite
grains.

Magnetite seems to have replaced quartz, as the latter occurs

as paleosome.
History :
A carbonate-rich rock underwent metamorphic changes to
produce a well-crystallized marble. Fluids appear to be an important
aspect of the process of dumorterite formation.
Sample No. S-88a, b
Location

: 1 km east of S Profile B, Fig. 2.

Rock name

: Bedded albite, quartz, dolomite marble with
chalcopyrite.

Hand specimen

: Mineralized (chalcopyrite) bedded sandy dolomite.

Microphotograph : Fig. 19
Thin section :
Optical estimates of constituents (in percent)
Average size (mm)
Ferroan dolomite *
Mg dolomite *
Albite (An )
5-5
Quartz
Phlogopite ?
Iron oxides
*

_n ,q
U~o:>
20-30
15-25
<2
<2

0.15
0.06
0.15
0,30

Most of the small dolomite grains lack the blue stain of
alizarine while others contain only minute traces along edges
of cleavage planes. There probably exists a different iron
content in the dolomite, though unstrained, perfect crystals
may absorb the staining dye slower than crushed crystals.
This was particularly observable in the (dolomite) lubricant,
where sheared parts contained substantially more dye than
well-developed crystals (see also Fig. 18).
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A fine-grained, equal-dimensional crystal mesh of dolomite
grains containing a number of larger dolomite, albite and quartz
grains.

Few albite and quartz grains occur in concentrations of

discontinuous, elongated blebs which are not entirely full of
dolomite. Within the fine-grained dolomite crystal mesh, quartz is
slightly more abundant than albite though the reverse is true
otherwise. The boundaries of albite and quartz are variable.
Mostly they are serrated and dolomite appears to be replacing (?) the
silicates. Mutual silicate boundaries and silicate-chalcopyrite
boundaries are smooth, particularly when isolated grains of silicate
are enclosed by chalcopyrite.
present.

An overgrowth on silicates is not

Commonly-feldspars,contain, mimite inclusions and have a

cloudy appearance, probably due to argillic alteration.

In a few

instances quartz appears to fill the interstitial space of dolomite,
suggesting quartz replacing dolomite.
Polished section :
Chalcopyrite was the only opaque mineral observed. This
mineral is concentrated parallel to bedding in coarse grained
dolomite.

Weathering produced concentric banding of limonite and

goethite, which in a few instances proceeded along well-defined
rhombohedral cleavages (after dolomite). Isolated gangue (quartz
and albite) are well-rounded.

Chalcopyrite is in minute quantity

between the gangue grains at the edges of mineralized blebs.
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History :
A sandy, prohably arkosic, bedded dolomite was subjected to
regional metamorphism fostering grain-growth.

At this stage dolomite

and an albite-quartz mixture was recrystallized in isolated patches
which later were replaced by chalcopyrite. The more soluble carbonate
was selectively removed while quartz and feldspar were only partially
removed.

During or possibly prior to mineralization silicates under

went partially (weak) argillic (sericitic) alteration.
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Sample No. S-82 a, b
Location

600 m east of S-40, Profile B, Fig. 2.

Rock name

Quartz-phlogopite siltstone with dolomite
porphyroblasts (Zone 5 below).

Hand specimen

Greenish dolomite hornfels with dolomite vein.
bedding

Zone

<L
cm
Thin section :
Optical estimates of constituents (in percent)
Zone 1 : (5 mm)
Average grain
size (ram)
Ferroan dolomite
95
smooth boundaries, grains
smaller towards edges
Quartz, at edge only
5

up to 3.0
0.9

Zone 2 : (13 mm)
Quartz
40-60
Ferroan dolomite
20-30
Light-colored phlogopite? 3-8
Magnesium dolomite
5-15
Muscovite
5
Iron oxides (weathered
product)
5-15

0.02
0.008
0.008
0.004-0.01
interstitial
grains

Quartz has irregular and vague edges caused by overgrowth.
Dolomite is interstitial and appears to be partially
dissolved. Muscovite occurs in stubby grains and also as
elongated laths.
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Zone 3 : (3 ram)
Quartz
50-65
Ferroan and magnesium
dolomite
10-20
Muscovite
<2
Light colored phlogopite? 4-8
Pyrite
5-8
Iron Oxides (weathered
product)
15-25

0.30

1

0.05

Zone 3 is the same as zone two, except that it has a higher
proportion of iron oxide and contains pyrite (partially
weathered).
Zone 4 : (10-15 mm)
Quartz
Phlogopite
Ferroan and magnesium
dolomite
Iron oxides (weathered
product)
Albite (An)
Muscovite t+ sericite)
Pyrite

40-60
15-30

0.10
0.07

15-20

0.04

10-20
3-5
5-8
<1

±

interstitial
0.03
0.02
0.35 4

Quartz replaces albite. Minor sericite occurs in quartz and
there is a noticeable increase in phlogopite (dark greenishbrown). Pyrite occurs as isolated grains.
Zone 5 : (>15 mm)
Quartz
Phlogopite
Ferroan dolomite
Muscovite
Albite
Pyrite
Iron oxides

20-30
35-45
25-35
3-5
1-3
<1
5-10

0.7

0.6

1

Dolomite occurs only as rhombohedral porphyroblasts containing
remnants of rounded quartz. Porphyroblasts are noticeably
devoid of micas. Dolomite-free areas are made of phlogopite,
partially altering to muscovite and quartz. We11-developed
anhedral pyrite occurs as isolated grains only. Albite is
unaltered. The size of dolomite grains and development of
crystal faces increases away from the vein.

History :
An argillaceous dolomite underwent metasomatic changes.
Mineralogical and textural changes, well-defined to transitional,
are related to a five milliraeter wide dolomite vein.

Table C-l. Results of X-ray Analysis
SAMPLE NO.

DESCRIPTION OF SAMPLE AND PREPARATION

7-212

In white blebs ( 3x3 mm) between coarse
vein-type dolomite containing also
pyrite. Light-colored dolomitic shale
is host rock. Clay extracted with
small knife blade.

90%* well ordered kaolinite
5-10%± montmorillonite
<2% quartz

6-405

Heavy fraction of pyrite-clay mixture
(see sample preparation, Table B-l,
Appendix B)

Siderite only.

6-150*

White clay regions( 5 x 7 mm) between
dark green micaceous minerals
(chlorite and biotite) and
crystalline dolomite. Core
incomplete. Separate with knife.

70%± well ordered kaolinite
30%4 montmorillonite
No quartz. DTA typical for kaolinite.

Small-grained greenish breccia
fragment (d-breccia). Ground only.

Biotite, chlorite, carbonates.
Strong interference from carbonated.
Celodonite (glauconite) line
missing.

11-143

MATERIAL IDENTIFIED *

* Identified by Prof. Loughnan, University of N.S.W. using a
Phillips difractometer with Co k^ radiation.

APPENDIX D
PREPARATION OF SPECIMENS, TEST APPARATUS, SAMPLE
CALCULATIONS, AND TABULATED RESULTS OF ROCK TESTS
The information and data presented in this section cover the
details of the laboratory investigation and matheraatical calculations
related to the physical properties of the rocks.

A summary of the

results are presented in Table 8 and 9 of Chapter VI.
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X. PREPARATION OF SPECIMENS
It is hoped that the following descriptions, particularly
those of the cantilever beams, will be useful to other investigators,
as considerable time and expenditure can be saved and consistent
results obtained with carefully prepared samples.
1. Cylinders for Density Determinations and Uniaxial Compression Tests
The preparation of these samples essentially followed the
method used by Hardy (1958). The core samples are cut with a diamond
saw to produce fairly square cylinders and rectangular blocks.

In

order to obtain smooth end surfaces the ends were ground with grinding
powder on a straight glass plate. Steel holders were used as guides
for samples of the compression tests to assure that the end surfaces
are perpendicular to the long axis.

The holder for the cylinders is

a machined steel jacket having a hole slightly larger than the drill
core.
Hie variations in the length of cylinders prepared with the
machined jacket as a grinding guide differed only by 0.00015 inch.
All samples are oven-dried at 90°F for 48 hours two weeks prior
to the compression tests or the weight and measurement determinations.
2. Beams for Cantilever Tests
The preparation of thin beams CO.3 x 1.3 x 6.0 cm) of a
constant thickness and parallel sides can be a difficult and time-
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consuming task, particularly for the weaker rocks such as the diapiyic
breccias.

Rest and consistent results are obtained by cutting a

rectangular block of the desired width and length. This block is
then affixed with Canada Balsam or similar material to a. glass plate
and cut with a thin-bladed diamond saw used for trimming-off
petrographic slides. The writer used an adjustable hydraulic-fed saw,
which enabled speedy preparation of excellent beams.
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II. TEST APPARATUS
1. Uniaxial Compression Machine
All samples were tested on a Tinus Olson Testing Machine
using a ball and socket sub-plate. The displacement of the moving
upper bearing plate is sensed by a mechanical device which in turn
transmits electrical impulses to a plotter. The displacement of the
bearing plate is magnified 200 times on the plotter which produces a
continuous load vs. displacement curve. A loading rate of 0.01 inch
per minute was used which is equivalent to a strain rate of 0.004 inch
per minute for the average specimen length 2.5 inches.
2. Cantilever Testing Device
On account of the limitations due to sample size, time and
funds, this part of the testing program was a joint venture. The
writer is responsible for modifying the testing apparatus, adapting
the measuring device and making the whole system operational while
his colleague for the creep test suggested, among other systems, the
cantilever beam method. (See also Klingmueller and Wallace, 1971).
The relative displacement of the free end of the cantilever
beam is read directly from a micrometer screw gauge which is adjusted
to make contact with a polished steel ball attached to the cantilever
(Fig. D-l).

A simple electrical circuit of a battery, ammeter and a

protective resistance is closed when the end of the gauge and the steel

Ammeter
Turning Wire
OFF

ON

Protective Resistance
WV

Micrometer

Bearing Plate
Stainless Steel Ball
Attached to Circuit
y ' ' ' '' "

J>* S r * J

Battery
R o c k Cantilever
Load

Fig. 0*1

Cantilever Testing Apparatus and Electrical Circuit.

to
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ball touch. The resistance serves as a protection of the ammeter and
also avoids sparking which will deteriorate the contact points.
For the tension tests the loading and unloading was achieved
by filling or draining a load container with measured amounts of water
(Fig. D-2). This system allows the load to increase gradually and avoid
any detrimental disturbance of the beam. The accuracy of the water
loading system depends entirely on the accuracy of the volumetric
measurements.
In order to achieve greater sensitivity of the displacements
for the short beams (3 cm; laminated shales; see also Fig. D-2), a
ridged metal extension was clamped on the free end of the beam.
Tests were conducted to determine the reproducibility of the
readings, accuracy for the system and the force applied on the beam
when the contact is made between the steel ball and the micrometer.
Maximum variations of readings made by the two operators were found
to be as high as 0.004 mm, though 50% of all readings did not differ.
One operator's readings have an 80% reliability and a maximum variation
* 0.001 mm.
A steel beam was tested simultaneously with an electrical
strain gauge. Including the unloading data, the maximum variation from
theoretical calculated values for the strain gauge was found to be
1.2% of the total strain (0,51% average) while the maximum variation
of the total deflection was 0.54% of the total deflection (0.34%
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Fig. D-2

Close-up Photograph of Testing Apparatus for Cantilever
Beam tests.

Notice water loading system and ridged metal extension on beam. Wire
on micrometer screw gauge increases sensitivity of turning.
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average). Hie pressure applied by the micrometer gauge on the steel
ball (beam) when the circuit is closed, was found to be undetectable.
Interference with readings are caused by air currents and by
floor vibrations. The latter can be induced by people walking and
the vibration of electric motors.

III. SAMPLE CALCULATIONS
1. Density (dry)
Sample No. 6-187 (5 cm diameter core)

Percent
error

P

p

= ~

=

^—
h.TT.<r/4

P = density
w = weight = 585.62*0.02 gm

0.004

h = length = 10.37*0.02 cm

0.2

d = diameter 5.16±0.02 cm

0.4

(585.62 gm) (4)
ir(10.37 cm) (5.16 cm)
2.70 gm. 3
cm

±1%

2.70 ± 0.03 gm^ 3
cm
Note : for the smaller samples, the maximum possible error increases
3
to * 0.06 gm/cm
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Table D-l. Comparison of Actual and Calculated Weight for Three Beams

CALCULATED
WEIGHT
(GM)

ACTUAL
WEIGHT
(GM)

DIFFERENCE
(PERCENT)

10.15

9.48

6

Laminated Shale (7-124-a)

5.08

4.98

2

Squeezed Dolomite (6-187-d)

9.56

9.47

1

ROCK TYPE AND SPECIMEN NUMBER

Diapiric Breccia (11-142-f)

Note: Table shows that actual error is well within range of predicted
error.
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2. Stresses in Cantilevers
(a) Section Modulus (Z)
Sample No, 6-187-d
Z =

.2
b.t

Percent
error
b a breadth, of cantilever

1.6

t = thickness of cantilever

6.7

(1.28 cm) (0.29 cm)'

=

1.795 x 10"2 cm3 ± 10.3%

(b) Maximum Tensional Stress: (S )Simple Cantilever Beam
Sample No. 6-187-d

St

=

W L
Z

(750 gm) (9.30 cm)
(1.795 x 10~2 cm3)
389 * 41 kg/cm

Percent
error
S. = maximum stress
(tension) in
upper fibre at
bearing plate
L * distance from
outer edge of
bearing plate
to point of
load

9.30*0.05 cm

0.5

W - applied load
(weight)

750*0.05 gm

0.007

± 10.4%
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(c) Maximum Tensional Stress (SI Complex Cantilever Beam (beam with
ridged extension; see also Fig. D-2)
Sample No. 11-142-d
S. =

w = weight of ridged extension
.
j(WL + w£)

Z - distance from outer edge of
beaming plate to center of
gravity of extension

=

1 (600*0.05 gm)(1.60*0.05 cm) + (20*0.02 gm •3.75*0.05 cm)
(1.855 * .132 x 10"2 cm3)

=

55.7 * 5.98 kg/cm2

3. Modulus of Elasticity (Compression)
Sample No. 6-187-A
E = stress =
c
strain "

£ = IV/A
e
At /

_

(W)
(L)
(A) ' (AI)
Percent Error

W =

Load at a£

=

20,000 * 100 lb.

A =

Area of sample

=

7.00 * .30 cm

0.2

A&=

Change in length
due to W
=

1.32 * .02 x .005* in

1.2

Initial length
of sample

5.1 + 0.1 cm

2.0

L =

=

2

Ec= (20 x 103 lb) (2.54 cm) (5.1 cm)
(7 c m )

2

( 1 i n ) ( 1 . 3 2 x 5 x 10"3 in)

= 5.61 x 105 psi * 4%
- 3.95 x 105 kg/cm2
; * scale factor of automatic plotter.

0.5
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4. Modulus of Elasticity (Tension)
(i) Sample No. 6-187-c
For deflection (y) between bearing plate Cwall) and load (W):
y

V

CS.i-x) orEt =^ (3
Percent error

X

-= Distance to deflection point

-

8.95 ± 0.02 cm

I

••=

Distance to load W

=

9.45

I

==

Moment of inertia

=

0.00294 cm4

w

=s

Load

=

2.65

y

:=

Deflection due to load W

=

0.0405 ± 0.003 cm

±

1

0.2

0.04 cm

12.3

.1 gin

0.04

Errors
Et =

0.4

0.7
13.8%

(0.265 kg) (8.95 cm)2 1(3) (9-45 cm) - 8.95 cm]
(6)(4.05 x 10"2cm) (2.94 x 10"3 cm4)

=

3.57 x 105 kgm/cm2 ± 13.8% or 5.04 x 106 psi

(ii) Steel Beam
For deflection beyond load :
2
y =

'set

..2
C2'+ 3b ) or Et=

hr

*

i2e 3b)

W =

Load

- 600 gm

^=

Distance to load

= 9.20 cm

b =

Distance between load and deflection point

= 0.70 cm

E = Moment of inertia

= 4.42xl0~4cm4

y

= 0.0214 cm

= Deflection

Et= (0.6 kg) (9.20 cm) £(2) (9.20 cm) + (3) (0.70 cm)]
(6) (0.0214 cm) (4.42 x 10-4 cm4)
= 1.83 x 105 kg/cm2 or 26.3 x 105 psi
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5. Equivalent Viscosity
Sample No. 6-187-c
Using the viscous-elastic analogy (Reiner, I960), the creep of a beam

v

can be determined from :

V

4t

=

3

n

=

Equivalent viscosity

Et

«

5
2
Modulus of elasticity (tension) s 3.57 x 10 kg/cm

y

=

Deflection of beam (same as for
2
the E calculation)
= 4.05 x 10" cm

At

=

Time interval

Ay

=

Change of deflection during

c

= (3.57 x 105kg) (9.81xlOSdyne) (4.05xl0"2cm)(119 days)(8.64xl04sec)

\ £ «

«c -

3

Ay

« 119 days
t

_3
= 5.4 x 10 cm

cm2 (1 kg)(3)(5.4 x 10"3 cm)(1 day)
= 9.0 x 1018 dyne . sec/cm
18

» 9.0 x 10

poises

201

IV. DISCUSSION OF CREEP TEST DATA
1. Upward Movement of Free Enid of Beams
The plotted creep data (Figs. D-3,4) indicates that there are
corresponding time periods (negative creep periods) where the free end
moves upward or temporarily remains stationary.

In other words, the

rocks are "breathing".
As soon as negative creep was detected a humidity-temperature
recorder was placed in the test room.
only for a limited period.

The recorder was available

Later it was established that humidity

readings were too high by an unknown constant.

Building vibrations,

operators' consistency in readings, air currents causing a slight
swing of the load and possible changes in the electrical circuit were
variables examined as possible causes of breathing. All of these factors
can be eliminated and, as the steel test beam readings show, the
electrical circuit, including contacts, remained steady.
For the host rock five well-defined negative creep periods are
identified (the first four are shown in Fig. D-3).

Breathing in the

breccia is less obvious, though two corresponding periods for each
specimen are present.

The relatively large amount of creep masks the

breathing effect in the breccia.
Allowing for the accuracy of the time factor, the following
correlations between creep periods and humidity are apparent from
Fig. D - 4 .
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Time Since Start of Test CPaysl
20

30

JX

Pig. D«3

E

Detailed Partial Creep Curves of Host Rocks

Notice negative displacement (ttpward movement of load!
starting almost simultaneous on the 10th, 15th, 24th
and 33rd days.
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Time Since Start of Test (Days)
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I
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1 1

I

m

m
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Individual Periods of Negative Displacement {Vertical length
related to number of the same time in intersections QPig.D-3)J
Fig. D-4

Graphs Correlating Relative Humidity and Time
Periods of Negative Displacement for
Creep Curves
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a) Negative creep is caused by a large decrease in the
relative humidity. For periods I, JI and III (Fig. D-4)
the effect is simultaneous (* 6 hours).
A time lag of 40 and 12 C?) hours is present for periods
III and IY.
b) With a large increase in humidity accelerated creep
occurs with a time-lag of 12 (I, II) and 20 (III) hours.
A correlation between negative creep and temperature change
cannot be made.

Therefore, it is concluded that the breathing effect

is caused by changes in relative humidity.
2. Creep Data
The displacement vs. time curve of one of the breccia beams
follows the generalized creep curves empirically observed for rocks.
Three zones, one through three, Fig. D-S, curve H, represent the
primary (one), secondary (two) and tertiary (three) creep regions.
The second diapiric rock, curve B, just entered the tertiary or
accelerated creep region and the specimen would have failed if the
test were continued for 20 to 40 days.
A steady-state has been reached by three samples (curves C
through E) after 120 to 130 days. Judging from the humiditydisplacement data, this no-displacement period is possibly only a
transitional condition and may be caused by gradual drying e.g. an
average decrease in the humidity. It would be of great interest to

Failure

° 400

400

ta

Squeezed Dolomite
* 30

20-

100
T I M E
«g. D-5

CDays)

Creep Curves of Cantilever Beans

120

140
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know if the no-"Creep period (equivalent viscosity -> ») would continue
at these stress levels for a long period of time (> 5 years). A longer
test period than the time span used in this investigation is necessary
to come to a definite conclusion for changes in viscosity of the host
rock.
The duration of creep tests and the influence of interstitial
fluids (gases) is pointed out from the following two examples.

Reiner

(1949) concluded that concrete is a liquid (strain or displacement a
continuum), extrapolating results from limited time data.

But tests

conducted by Glucklich, as reported by Reiner (1960), show that neat
cement beams not subjected to atmospheric changes reach a steady
state after about sixteen months.

The influence of fluids on marble

slabs tested for creep is pointed out by Reiner (1960, p. 161) who
states: "The rate of sagging being greatly increased when the stone
prism kept wet".
The importance of fluids or gases, which is well documented
by the present study, is an aspect worth future investigation.
Particularly if translated to the geological environment, relative
deformation of different rock types with respect to time may be better
understood.
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Table D-2. Results of Density Determinations

SPECIMEN
NUMBER SIZE TYPE
11-126

FC

ROCK NAME

DENSITY

REMARKS

CGM/CM3)
Diapiric breccia*

2.52

11-142

it

2.53

11-143-A

Y

2.44

11-143-B

ii

2.57

11-143-C

ii

2.51

11-151-A

ii

2.51

11-151-B
11-123

2.43

Fresh

Average
11-118

4

2.48

E
C8)

2.49

X

WC

same type as 11-123,
143 etc.

2.39

Z

WS

strong iron oxide
stains

2.70

25

high calcite,
chlorite; porous

2.42

85

coarse calc.-qtz

2.62

86

dolomitized

2.68

87

blue dolomite,(very
small sample)

2.94?

225-a

(shale, claystone
(fragments dol.
(cement.

225-b
Average

Weathered

(6)

2.67

2.61

Table D-2. Continued
6-187

X

FC

Squeezed dolomite*

2.70

6-187-a

Y

ii

ti

2.68

6-187-A

B

ii

ii

2.68

6-187-B

it

ii

n

2.67

Average

Fresh

7-494

X

FC

7_494-A

Y

ii

6-212

X

ii

7-212.5

t!

ii

7-224

X

ii

(Argillaceous
(dolomite
(
f

7-224-A

Y

7-317

X

ii

7-317-a

it

ii

7-317-A

Y

ii

7-322

X

7-364

M

(4)

2.68

(Non-squeezed type
((6-187) high
(ankerite content

2.85

(1% pyrite, bedded
C
(
(bedded; pyrite
(veinlets
(

(Dolomite with
(porphyroblasts
C
C
(

(Very-fine grayish(green; 10% 1 mm
(large calcite
(porphyrob1asts
(

ii

Squeezed
brecciated
dolomite

it

ii

Brecciated
dolomite

(Argillic dolo.
(breccia ?
(with veins
(
(

7-387

ii

ii

7-387-A

Y

ti

7-439

ii

it

7-440

X

ii

2.87
2.72
2.71
2.73
2.75
2.58
2.59
2.58
2.58

2.72

(Squeezed dolomite (Coarse carbonate
(
(
C
(

2.71

(Squeezed breccia (Hypogene clay
(chlorite
(
(
(

2.65

2.84

2.59
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Table D-2. Continued
6-81

X

FC

6-81-A

Y

it

6-144

X

II

6-144-A

Y

Tl

Average

C

(

2.74

C

C
C

2.70

(Q-carbonate veins
(chlorite

2.72

C
(Squeezed
Cargillic
(dolomite

C

Fresh

7-54

X

FC

7-54-a

Y

If

7-118

X

II

7-118-a

B

II

c
^Laminated*
^shale
r

7-124
7-124-a

X
B

fl

II

C
(
(
C

C
C

2.65

All dolomitic
rocks
(23)

2.70

^Sheared minor
^squeezed (?)
\2% disseminated
^anhedral pyrite

2.68
2.77

C
c

2.76

(

2.76

(Very minor sheared
2.79

c

Fresh

Average

2.70

(6)

(

5-116

X

WC

5-116-a

Y

ii

5-155

X

ti

11-48

X

it

II

8

Z

WS

If

^Laminated
bshale

2.73
1.99

^Strongly bleached
£(weathered)

2.06

Silicified

2.60

s

Zebra-rock
(calcareous)

Weathered

Average
20

2.58

Z

WS

2.41
C5)

Shale

Silicified

2.33
2.69
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Table D-2. Results of Density Determinations
Continued
9/6/9/2

WS

Tillite

Calcareous
alteration

2.42

97-A

ti

ii

ii

2.64

90-A

"

••

tillite

2.65

Average

Weathered

(3)

2.57

Note: Diapiric breccia is rock of cold intrusives, all other rock
samples are of the host rock.
Explanation
Specimen Size:

X = 5.1 cm diameter
Y = 2.5 "

»

Z = 2.2

"

»

Specimen Type:

q

=

quartz

p

=

pyrite

dol=
* =

WC = Weathered
core
WS = Weathered
surface
sample.

B = Block
Abbreviations:

FC = Fresh core

dolomite

Principal rock types tested (see also Fig. 33)

Table D-3. Results of Uniaxial Compression and Tension Tests (Cantilever Beam)

SPECIMEN
NUMBER

ROCK TYPE

REMARKS

MAXIMUM COMPRESSION
PSI

1-123 *

4,200

1-143-A

2,850

1-143-B

5,490

1-143-C

4,595

1-151-A

3,945

1-151-B
1-142-CI
1-142-C2
1-142-C
1-142-d
1-142-f2
1-142-fl

Diapiric
breccia

3,930

KG/CM
294)
)
210)
)
387)
)
324)
)
)
278)
)
277)

AV.

MAXIMUM TENSION
PSI KG/CM2

AV.

295
C6)

390 27.8)
)
343 23.4)
)
563 40.3) 32.2
) (5)
790 55.7)
)
305 21.6)
)
363 25.5)

Table D-3. Continued
7-54

C
(

7-118 *

Disseminated pyrite

1146
17,350 1,229

£Laminated
£shale

7-118-1
7-124 * t

(
(

19,900 1,401)

)
2856 401 )
Bedding

J_ to load

15,640 1,108

7-124-1
7-387
6-187-A*

(
(
(
(

6-187-B *

(Squeezed
(dolomite

6-187-b f

(
(

)
23,400 1,645) 1737
) (3)
27,800 1,960)

6-114

Biotite,
chlorite (?) and
quartz

7-317

Dolomite

Calcite
porphyroblasts

7-439

Squeezed a-breccia

(

5490 389 )

)

(Squeezed a- and
(d (?) - breccia
C

7-224 x

)

3690 259 )

6-81

(Argillaceous
(dolomite

3430 241 )

) 297
2940 206 ) (3)

C

-

1720 122 ) (3)
)
5340 376 )

23,210 1,635)

6-187-d

7-494 x

5730 402 )

6,775
11,050

21,800 1,535

13,720
Ankerite-pyrite
veinlets

780

966

51,000 3,590
40,750 2,870

Table D-3. Continued

Explanations:

*

Rectangular blocks used for compression tests.

t

Samples were loaded, unloaded (Fig- 33) and reloaded to destruction.
Data not used for average calculations.

x

Similar rock to squeezed dolomite, except lacks carbonate veining
and deformation. (Compare Fig. 29 for squeezed dolomite).
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