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Plate 6.1 ;
Aiteration of host aplite a.djacent to mineralised extension joints '
and breccizs, towards the bottom of the joint the left hand sidewall
: o ’ ‘ ) . 3
has coilapsed into the joint £filling in a manner very much like the
‘,hydraurlic» brecciation described by Phillips (1972).
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Figure 6.1 '
Contoured stereographic plot of the measured extension joints : 4
. , P =
gj‘ in the aplite from various parts of the Lower Hercules section. é' 48
H . : . . :
o 'FW' is the orientation of the feootwall drive reference line. i
P | , | - b 4
g ; A All measured joint readings , . : 5
. No. of readings 200 i
Lo |
: Maximum concentration 217% ' , :
g? % Contours , 1, 2, 5, 10, 15, 207% per 1% area ‘ i
ey B Joints measured in No. 1 sill, H73E FWD po : R N T L
5 ! - . : . . : S 3
T N T ~ : ‘ :
5RO D - No. of readings 37 i
S % ' ' ~ Maximum concentration 65% |
% & Contours S 3, b, 12, 257 per 17 area é
) j : ;
‘ : ; . s . : i
: ‘ C - Joints measured in No. 1 sill, H76E FWD . oo
? 4 ~No. of readings 20 ; e - , . £
i 3 " Maximum concentration 20% | ;
; Contours ' 4, 8, 20% per 1% atrea 3
el D Joints measured in No. 3 sill, H73 FWD g
e | .
1 : . :
; No. of readings 50 i
: Maximum concentration 467 5
, ; Contours 2, 4, 10, 20, 30% per 17 area g
z ? : ; L . . %
! 2 ) Joints measured in No. 3 sill, H74 FWD i
_i No. of readings 33 i
‘  Maximum conceuntration 42% |
Contours 3, 6, 12, 257 per 17 area ’ o %
F Joints measured in Wo. 3 sill, H76W FWD !
i : No. of readings 50
i : . . .
I i Maximum conc¢entration 547
g Contoars 2, 4, 10, 20, 307 per 1% area
I ';
! ‘é :
: Lower hemisphere,equal area projections . ;
i plane of projection is horizontal ' j
i : .
i
|
i
5 :
;
a
4
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steps are generally less than two millimetres high and the minot
extension joints are impersistent once they no longer form part of the
dominant joint.

The striations on the slickensided surfaces vary in orientation,
indicating gseveral phases of movement of the joint walls with respect
to each other.

Late stage géological movement has been noted for’one vertical
;axtension joint, which has displaced a post jointing quartz vein by
‘4 centimetres. Nérmally displacements across joints result from
dilation due to mihing activity.

Joint. orientations were measured with respect to the footwall drives

~in several regions of high joint density in the Hercules section. The

results are shown in Figure 6.1, these stereographic projections show
that the joints are almost all vertical and strike approximately north -

south‘(OOSO), perpendicular to the drives and approximately perpendicular

‘to the plane of the sills.

6:1.2 Chemistry

Plate 6.1 illustrates a dilational joint with a marked zone of

alteration in the adjacent aplite. A chemical traverse was carried out

across one of these zones, the results of which are listed in Appendix
B, Briefly, they show a depletion in iron towards the joint, which
correlates with the absence of femic minerals and a slight increase in

sodium, which presumably reflects an increase in albite.

6.1.3 Origin of jointing
The close correlation between the joints and the sills and particularly
the fact that the joints are confined to the central zone of the sills;
as well as the strong preferred orientation, suggests that the joints
might have formed by thermal contraction in an external stress field. If

this is correct them the coefficient of thermal expansion for the central
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zone must be larger than that for thé.contact zone since the joints are
restricted to the central zonme. To check this, approximate thermal
cgefficients of volume expaunsion were ¢alculated, using the determined
mineralogy and the éoeffidients quoted in Skinner (196&). The
mineralogy was based on the norms and the minerals known té be present; -
furthermore, the coefficient for mica waé approximated by that of

‘ : ‘and assuming random fabric elements
hornblende. using this data,{a calculation was made for a temperature
chaﬁgé from 800° - 200° c” which showed that the contact zone had a
larger coeffiéiént thén the central zéne (2,34 -~ 2,16%). This makes a
thermal éontraction hypothesis unlikely for the origin of the joints;

a conclusion supported by Jaeger's (1961) observation that jointing due

to thermal contraction initiates at the contacts and propagates towards

a molten core, which is not known in the sgills.

Another hypothesis for rhe origin of the jointing is one based on

" the different rheological properties of the contact and central zones.

‘The essence of this hypothesis is that the central zone should be easier

i

to fracture than' the cnntéct zone. This situation is not éupported by
the present behaviour of the aplite, but Griggs et al. (1960) have shown
that granite at high temperatures and 500 MPa confining pressure, has a
drastically reduced strength which, togéther‘with the large temperature
difference‘acrosc the sills, might result in the contact zone being
stronger dﬁrihg jointing and therefore the central zone should be‘easier
to fracture. The work of Jaeger (1959, 1961, 1968) on the cooling of
magmas indicates that these aplite sills would cool to 600° C in the
centre within sixty days, if the magma intruded aﬁ 1000° ¢ into country

(o] . . . f s
rock at 200° C, This imposes a restraint on the time available for the

* Ig is felt that the geothermal gradient at the time ofvintrusion was
higher than the present gradient on the Witwatersrand (0,0119O C/m)

(Lee and Clark, 1966). The value for Messina in the Transvaal (0,0269° G/

m, Lee and Clark, 1966) is regarded as a better estimate. The
temperature at 9 kilometres would be 240° C.
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| POSSIBLE STAGES IN THE
EVOLUTION OF THE SHEAR BRECCIA

e Sy

Figure 6.2

1 Aplite with numerous
P
pre-existing extension
joints '

2 The principle load acting
in the plane of joints
causes some shearing
and kinking

3 Development of a

number of shear joints

&4 Rotation and

fragmentation of
material between the
extension and shear
joints to form the
breccia
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jdinting td occur at some stage when the contact zone is appreciably
ylower‘in temperature than the central zone, and so is stronger.

his suggests that the jointing could have taken place in the very
'earl& stages of coqling tenmperatures above 600°fC, and probébly involved
sweat fluids derived from the cooling magma. These fluids would be

pressurised and so would reduce the effective magnitude of the confining

i‘stress, resulting in the development of the joint by hydraulic

fracturing, as described by Secor (1965), as well as precipitating the
minerals in the joints. At the temperatures contemplated in this
hypothesis, the adjacent quartzites would have been appreciably stronger
thén‘the aplite, their temperatu?e having been only slightly increased

bj the intrusion, and so joints of the same oriannation would be unlikely

to form.
6.2 Brecciation
Two types ¢ brecciation are seen in the sills; the more spectacular

is always confined within the extension joints, and tha other within

ghear joints.

621 Shearkbtaccias

. These breccias are formed when shear joints intersect extension

 joints with concommitant disruption and rotation of joint bounded blocks.

A pos&ible mechanism is outlined in Figure's.z. Material withinythe
breccia core is cemented together by chlorite and shows very little
comminution. This suggests that little wmovement along the shear joints
occurred after brecciation, and that brecciation must have involved

considerable dilation.

6.2,2 Extension breccias
These breccias are found only in areas of high density extension

jointing, where they occur as pods within the joint zone. Figure 6.3
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‘with brecciation. The‘acutérangle between the sets of conjugate planes

~Plate 6.2

are bisected by the jointing. The width of the photograph is equivalent

to 30 centimetres.

The structural fabric that is only known in §il1l No. 3 and éssociated
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. STEREQGRAPHIC PROJECTION Figure 6.4
SHOWING THE RELATIONSHIP BETWEEN THE
STRUCTURAL FABRIC AND THE EXTENSION
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STEREOGRAPHIC PROJECTION ; Figure 6.4
SHOWING THE RELATIONSHIP BETWEEN THE
STRUCTURAL FABREC AN&D ‘E’HE EXTENSION
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g ! ,iliustrates typiéal features of these breccia zones. The breccia 5
; pompriSes angular fragments of aplite which show nokéigﬁ of shearihg : . ; §j 
'Sf~comminution. The spaces between these fragments are ?artially | ;
i fiiled by euhedral crystals of quartz and chlorife'and, in lesser ‘i
k4  émdunts, thé otﬁef minéfalé listed in Téble 3.1. BecauSé the‘vbids; 2
f;i  are ﬁofkcéméletély‘filied, the,rock‘is very friable. ‘Considerable ?
,dilafionkacéompéﬁied brecciation‘and’in at least one ekémple (Figure %
;; SR . 6;3)’the adjacent jointed aplite h#s been disrupfed with possible é
53 | IVVShortening'in’thé plane of‘the‘jointing. %'
| é 'Platefﬁ.i shows the side wall of a joint that has partially collapsed
¥ , , , ~ ' ~
| ;into’the joint, which suggests that it‘might be formed by hydraulic
?V;ffi   S  1f»'brecciation_as deScribed by Phillips (1972), where the‘flﬁids associated ; 3
| ‘with the mineralisation pefmeatg the adjacentkaplite and explode if the
% ;% ptéésufe in the jqint drops. k g
.g, 6.3 Structural fabric® | ': o ; . ’~‘ ‘ 'g
2 . ‘ : i
yé~ 6.3.1 Deséiiption; %
‘g  A stronéiétrﬁctural fabfié‘frequently occurs in the brecciated zones ?
;g, 6f No. 3 sill, where it appears as'two sets ofvcloéely spaced interseétihg :  § 
i », pléhes:which‘give the rock a crﬁss~hatched appearance (Plate 6.2); Qne ?
 :§‘ ,f “ . ‘ éet isnoécgsionailykbetter developed at the expense of the other.
% Sbmetimés the fabrie is bounded by the jointing but in general it is
irreguiarly de&eloped. The average angle between these pianar sets 1is
3 67° (range 61° ~ 72°) and this acute angle is bisected by the extension
.joints,;Figufe 6.4, The intersection line of the planes pluﬁges at
? ‘030/770 azimuth and‘plunge. ;
é Under the’microscope the‘planes are seen to be formed by alternating j
; zones richef'ih muscoviﬁe and biotite. The mica flékes in these zones do E
% nbt show a preferred orientation. %
. *It hasAbéenrﬁoinﬁed out to mé‘tﬁafythe %
term"structural fabfic" is being |
used incorrectly in this section, The ;
correct term for the structure 3
described here is "planar features'. i
i
» AR e . T e Tl i 4 fwhﬂ i & sriined
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aéuté angle between the planes is 68,50, range 60° - 78°.

- 62 ~

- The texture is best developed in the central parts of the sill and

is absent in the contact zone where an undisturbed primary flow structure
is found. A similar but less well defined structure has been seen in a
‘gample from City Deep Gold Mine. 1In this specimen the fabric is formed

byimineralised zones, with chlorite along the planar sets. The average

o

- 6.3.2 Origin

,The ¢lose relationship between the joints and the planar sets suggests

~ that they formed in the same stress field. TIf the extension joints form

parallel to the o, = ¢

2 plane; then the planar sets probably correspond

»ﬁofcldsely spaced shear joints, very similar to the Lﬁﬂerﬁ bénds
described by Friedmah‘and‘Logan,(1973).‘ The époradic océurrenge of
_ the structure proEably reflécts‘inhomogeneities in the regional stress
,iconditioné, with the fabric only:fépming‘when the stress difference and
: cOnfining pressure were suitable; In Friedman and Logan*sk(1973)

~eXperimenta1‘work on sandstone and Solenhofen limestone they found that

the maximum principal stress bisected an angle between the planes that

~varied from i_70O at zero confining pressure to + 120° at 300 MPa.

Their data havebeen supplementéd by work on the aplite described in the

N next chapter. kUsing the curve presented in Figure 8.2 the effective

cohfining pressure operating during the formation of the LUders' . band

would be 30 — 40 MPa. As ﬁhere is no distortion of the fabric near the

" jointing it is presumed that the fabric was formed before the jointing,

~wvery early in the life of the sills when thé central zone was more

ductile.

6.4 Quartz-chlorite, quartz—calcite veins

6.4.1 Description
There are two well exposed examples of quartz-chlorite veins, which

from their morphology appear to be related tectonically to the sills.
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It is thought that they occur late in the history of the sills as they 'é

cut the extension joints. The two examples were from ¥63 - 64 south. i

e W g

reef stopes and H76W footwall drive; in the former, the associated
5ills are Nos. 9 and 10, while the latter is associated with Sill No. 4.
Figure 6.5 is a diagrammatic sk~tch of the large scale relationships o !

 of the quartz veins in the F63 - 64 stope. Here, the quartz and quartz-

b

caleite veins are thin (< 10 centimetres) sheet-like bodies, The o L

quartz is massive and shows mno fibrous relations to the walls. By : ' ¢

e A P L A R S

teos .. ... . contrast, the quartz-calcite veins are composite veins (c.f. Durney and ' : . o 5
Ramsay, 1973) in which the minerals show specific growth relationships -

to the walls, as illustrated in Figure 6.6. Smaller veins of quartz

and chlorite ocecur in association with 8ill No. 9. These were nbserved

in the stope at various stages of face advance, as illustrated in Figure

A PR v R SR

6.7, ,The first exposure (Figure 6.7A) was of a pair of cbnjugate-like'~
éhlorite veins. These were only féur or five millimetrés fhick, eﬁtirely
‘%", = ~ confined to the sills, ard the angle between them wés bisected by the
promineﬁt median line of the sill. Later blasting revealed the network e
shown in Figure 6.7B, in which the conjugate veins are between 1 = 1,5
cgntimetres thieck, essentially composed of'quarté with a thin layer of
chilorite on the walls of the veins. The tips of the veins durvé towards

e - median line of the sill, and one transgresses the contact. This vein is

rf _i;"i © . displaced along the contact but not disrupted. Finally after a longex i

time interval, a much more complex structure was seen (Figure 6.7C).

This last exposure is similaf to that seen on a much larger scale in

H76W footwall drive which is illustrated in Figure 6.8 at various stages

~of tunnel advance. : ‘ 3
é‘ ‘ The basic 3-D form of these veins is a central quartz filled

extension joint, and two symmetrically arranged conjugate quartz filled ;

veins. The three veins tend to intersect along a cowmon line which is

horizoutal east-west. The conjugate quartz veins are only planar near ' ]
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the intersection with the extension joint, but away from the intersection
they tend to parallelism with the extension joint. This basic form is

repeated a number of times, in whole or part, to account for most of the

features seen in Figures'6,8_and 6,7C.

6:.4.2 OQrigin

The‘significance of quartz veiﬁé with respect to the stress fieid
Qpeﬁéfing at,the‘time of tﬁeir fbrmation, has been discussed by’sevéral
Worgerskin termé of both dynamic and static conditions. Dﬁfney and: |
Ramsay (1973) discuss the formation of a comblex array of extension'

joints within a shear zone. In this mechanism, the central part of the

- joint rotates, but the tips continue to propagate in the same orientation
@ntil dilation’of~the joint ceases, after which new joints form, as
- illustrated in Figure 6.9. Roering ‘7968) also discusses the formation

- of extension joints associated with shes ¢ zones; he suggests that the

complex joiﬁtkpatterh forms, not as a direct result of rotation, but as a

~ result of vavious second or 'si stresses associated with the shear zones,

és illustrated in Figuré 6;9~ The,propégation'of veins out of‘the shear
zong‘adds‘to the complexity of the system. k

Shainin (1950) deScribed»veins aléo developed *n shear gzones which
‘haﬁé,an overall similarity toythOSe described by Roering (1968),~butf‘
ﬁave’sbme aspects similar to ﬁhose described by Durney and Ramsay (1973).

The explanation of the above workers hinges on the initial‘development

of a shear zone; there is no suggestion of any such shear zone assocniated

with the quartz wveins in the aplite sills, although in the two well
exposed cases, the veins are developed in and around the iutersection of
the sill with vertical mafic dykes. Moreover, ngither the postulate of

'Roering (1968) or Durney and Ramsay (1973) explains the bilateral

~ cymmetry of the veins.
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Mofe'promising is the work of Brace and Bombolakis

studied, experimentally, the propagation of a fracture

(i963) wﬁo

initially

o Tt SR S R Y v T S 8 S

R .

inclined at an angle to a uniaxial compressive stress. In their

"system, fracture propagation does not start at the tip of a pre-—

existing fracture but at a point near it where the induced tensile
stress is maximum. The orientation of the new crack rotates as it grows
“from a position normal to the tangent to the crack at the point of

“initiation, towards the maximum principal stress where the crack becomes

fstable' (Figure 6.10). o R e

Instead of a dry crack subjected to increasing stresses as studied
'bnyrace aﬁd Bombolakis (19639 and found as quartz veins in the field by
Rdgring‘(l968), cbnéidér a éraék filled with fluid under pressure in a
block of matérial sﬁbjected‘to external static stresses. If the pressure

~in the fluid were sufficient to cauSe the crack to dilate, propagation

¢ amechanism is advanced for the emplacement of intrusive dykes and sills

- (Jaeger and Cook, 1969, p.419; Pollard, 1973). Also, dyke swarms at

e “f o 'm'Spénish Peak, Colorado, (mapped by Knopf, 1936) have a similarity in

'ﬁprphoiogy to‘thé quartz veins in E.R.P.M., in thatydyke5~which‘are
o - rédial at the main voleanic Vent, become parallel td the fegional dyke

: treﬁd at_a.disténce. The_classical analysis done By 0dé (1957) on the
dykes at Spanish Peak‘showed that tﬁey are’parallel'to.the principal
,sttess trajectories of a stress system_contéining the regional stress
su?erimposed onlthe stresses around two volcanic pipes in which the
pressure ié‘greater than the maximum regional étress. Howevér;‘fhe
analogy between thése dykes and the quartz veins is not exact because
there is a greater density of dykes radiating from the stock at Spanish
?eak, sub-parallel to the maximum regional stress diréction; this is not

found in the quartz veins. Also the quartz veins do not show a focus

3 AR n A CasNA L il .

T
o ARt

~would occux.from.the tip as in a normal Griffith crack in tension. Such o P

A e
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of origin. These differences can be explained by the initial fractures

being part of an early set of shear and extension joints, formed in the
regional stress field, into which the silica rich fluids intruded and

caused the propagation of the veins, (Figure 6.11), until they became

Ak parallel to the far'fieldkcl, and so férmed the observed, spectacular i o | 'f; = , }m
véin—fracture patterns. ,“
;6;5».Folding

. Geutle folding of the strata appears to have taken place after the
’eﬁplacement of the sills. This is indicated by the stee ar dips (50%)
~of the sills in the shallower levels, as seen in the shaft sections

) (Figure 2.2), where the folding is about an E-W axis.

RN N Evolutién~of the stress field
Thé,teCtonié features described in the ?reﬁedihg sections, plus the
'{mbrphology_of the sills‘ahd their age can be uéed to determine thé
orientation'of the strasé’field,énd poésible magnitu&es of the principal
stresses. ‘

The‘featu;es that can beiused are the jointing, the structural fabficﬁ}qéiiﬁig
the quartz veins and, of course, the attitude of the sills themselves. : g e "71'@

Iﬁ is genera11y acce§ted that intrusions occur in a surface whose normal
is the minimum princiéal stfess'(Anderson,fl938; 0dé, 1957); which means
the maximum.and intermediate streSSes are in the piaﬁe of the sill. The
earliest‘feature recégniéed in the sills’is the structural fabric which
gives a good stfess'determination. According to the work of Triedman and
Logan (1973) the intersection of the two planar sets corresponds to Ty
while g, Or g, can bisect the acute angle, depending on the effecti&e ‘ i
confining pressure. If the direction of Uy O Og4 is known the effective

-confining pressure can be determined, and if the effective confining

pressure is known, the orientation of.cl and ¢, can be found. Jointing

3
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STRESS FIELD ASSOCIATED WITH THE |
. EMPLACEMENT OF THE APLITE SILLS

jointing

sill No 3

/ Gy— Ty
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A -G, S b jointing
Ga | : ¢ aplite sill
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such, it is near horizontal in a north-south direction. ¢

a short time interval after intrusion. In all cases, oy is near horizontal

changing. At the time of intrusion, gy Was approximately vertical and o

—.67...

ie the next structural feature developed in the sills, but because the
three dimensional shape of the shear joints are not fully known, the

"tectonic cross' described by Price (1966, p.110) cannot be used to

determine the complete stress orientation, only the orientation of ¢ ‘ S %

3

' normal to the extension joints is given. The last structural features

known to be associated with the sills are the quartz veins, whose

inferred development has already been discussed.  The orientations
deduced for the stress field from these features, are shown in Figure
6.12,

3

normal to the hedding and oy and g, were approximately in the plane of

' The attitude of the sills shows that the early o, was approximately

the bedding. Because the jointing bisects the acute angle of the ~ L 3_

structural fabric, g1 has been plotted bisecting the acute angle., As.
2'is approximately

normal to the bedding and Oq is horizontal east-west. The orientation of

g4 from the jointiné is in good agreement with that determined from the ' R R

structural fabric, and the intersection of the great circle for the

jointing, with the great circle for the sill is near to the position of

: ol'determined'from‘the structural fabric., The quartz veins show a ,

greater scatter but o, is approximately the same direction as the other

features with g, horizontal east-west and a4 normal to the bedding.
 From this, the evolution of the stress ovientation can be deduced, for

and o

éligned north*south in the plane of the bedding, with only gy 3

2

horizontal east-west, but the structural fabric, which ig thought to have

formed shortly after the magma had crystallised, shows Oy approximately‘ i
vertical and,03 horizontal; i.e, ) and 0y changed positions during this

short time interval. Similarly, the jointing shows the same stress : ]

i s B ke A S N
LT S
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“orientation as the Luders bands ... but the quartz veins indicate a
state of stress like that which occurred at the time of intrusion of
the sills. Therefore, for a short time span, some additional factor

affected the stress field to cause the inversion of o, and 63, This

could possibly be a tensile component caused by the thermal contraction

a4 . of the rock. Such a component has a uniform affect in all directions,

but the shape of the~sillé will tend to COnfine its main influence to
E‘”1 ,'?~ »:’~Uv' ; ’within the plane of the sills (Jaegar, 1961).

R ’; ; L . - As regards‘the magnitudes of the principal stresses, during imt- _— i, , ", lj‘,@
ruéion‘of the sills 0y can be éstimated from the weight of the over-
rburden at the time. In Chapter 4 it was conclﬁded that the age of the

I A k - sills might correspond to the end of deposition in the Transvaal times.

e

So at the time of emplacement a thickness of about'9'kilometres of
sediments and volcanics of the Upper Witwatersrand, Ventersdorp and = g

Transvaal systems would have overlain the main reef horizons (based on

i M ey e N s

data from du Toit, 1954). The stress due to the weight of these strata
‘ : 5

PN -

“would be approximately 235 MPa assuming a density of 2,67 x 10 Kg/ma.f i

The difference between gy and 0y in magnitude would have been less than B P ‘ 5 i

B P AT

the thermal contraction temsile stress, otherwise these two stress directions

would not interchange; and the difference between ¢, and ¢. must be greater

1 3

so that cl'dOes not change. A very rough estimate of the magnitude of this

“thérmal contraction stress can be obtained by multiplying the Young's

5

modulus by the linear thermal contraction. Using a value of 0,8 x 10° MPa P

for the Young's modulus and a volume contraction of 0,6% between 1000° and

g St it i S A

0 s . ; ] : N
800" C (which is possibly representative of the temperature drop prior to

jointing; a third of this volume contraction, caleculated from a value of

the coefficient of volume expansion in Skinuer, 1965, approximates the ; : ~

et sk 2

linear conﬁraction,)a tensile stress of the order of 160 MPa is

generated. Therefore, the magnitude of g, at the time of emplacement is

ek i R SN

s
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~ Table 6.1

Magnitude and orientation of the principal stresses

oy

- "Ambient ©

Ambient C

Ambient ©

Intrusion

Ambient oy

Ambient g,

Ambient 03

Magma pressure

LUders' Bands and

~ jointing

Ambient 01
2

Ambient 0,

Pore pressure .

Quartz veins

1

2

‘Ambilent 03

Magnitude

395MPa
235 =~ 395MPa
235MPa

265MPa

395MPa
235MPa

200MPa

395MPa
235 - 395MPa

235MPa

182°/27°
273°/10°
028°/70°

180°/20°

030°/77°

278°/8°

006°/30°
280° /0°

0080/700

~ Orientation (azimuth and plunge)

R RTEn  RENI

T
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‘the hydraﬁlic pressureywas approximately o

- 69 -

‘approximAtély between 235 MPa and 395 MPa, and a9y ig gredter than

395 MPa, Since the effective confining pressure after solidification

is between 30 - 40 MPa using Friedman and Logan's (1973)yresu1ts on

- the effect 6§ﬁconfining pressure of the development of Llder's bands,

5 = 35 MPa, i.e. 200 MPa,

The magma pressuré must be greater than ¢, plus the tensile strength

3
of thefquartzites and shales (Jaegér'and Cook, 1969, p.419); (30 MPa
Hoek, 1964). Therefore the magma pressure is in excess of 265 MPa.

These results are summarised in Table 6.1.
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7. ROCK MECHANICS
This study was carried out to try and correlate the mechanical

brOperties of the aplite with geology and its mechanical behavioutr

7.1 Behaviour of the aplite in underground workings

In addition to the geological joints describud in section 6.1, the

fracture pattern of the aplite in the deep level workings on the mine : R

is strongly controlled by the magnitude of the mining induced stresses.

In the footwall and hangingwall drives the aplite is relatively ' ; %

 unfractured compared to the adjoining sediments, being cut only by a

few mining induced 'type 1' (defined in Chapter 6) fractures. In the

stopes the sills are either extremely fractured or essentially . E

unfractured compared to the adjacont country rock; especially important ) o

is the fact that when badly fractured, the aplite is very difficult to
support if it is in the hangingwall of the stopes. Sometimes closely
spaced shear planes, parallel to contact of the sills, occur in the

immediate country rock within the stopes, with a lot of comminuted

‘material within the shear planes. , o

Whether the aplite is fractured or unfractured depends on where the

lower contact of the sill is, in respect to the roocf of the stope. If

‘the contact coincides with the roof, the aplite is generally only cut by

~a few type 1 fractures, spaced tens of centimetres apart (Sill No. 8,

FBQW stope, December 1973, Sill No. 6, top of G76W stope, September 1973).
If the roof falls witbinbthe contact zone, the intensity of fracturing

is similar to that in the quartzite (8ill No. 8, F70W stope, December
1873) and can easily be supported. However, the fracturing of the
hanging is most severe as in large sills, Nos. 1 and 6, when the roof

of the stope coincides with the central zone., Closely spaced fractures

with a type 1 orientation form and then allow the aplite to continually !
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 reported brittle behaviour of “the aplite. The work of N.M.E.R.I. (1959)

~ unknown. The results of these workers are listed in Table 7.1 (compressive

stresses are positive). They are used here to complement the present work.

...71....
collapse as falls of hanging or in rock bursts of various magnitudes

(H75E stope, March 1973, magnitude 2}, McGarr et al., 1975). This

unstable situation continues until the complete thickness of the

811l has fallen out and more stable quartzite forms the hanging. When

these type 1 fractures in the central zone approacn geological joints,
or encounter an inhomogeneity, they are refracted towards the normal

of 'the plane of the inhomogeneity. Moreover, if the sill is thin

“(e.g. No. 8), jointing tends to be less severe, which also improves

the stability‘of the hanging, possibly because the typical central

zone material is not reaily developed.

7.2 Experimental rock mechanics

" The mechanical properties of the sills have been investigated in

 detai1'by a number of previous workers including the National Mechanical o é

Engiheering Research Institute (N.M.E.R.I.), (1959); Hoek, (1964, 1965);

~ Brace et al.'(1966) and Jaeger and Cook {1969, p,146)~ail of whom o i

was carried out dn,four samples from Sill Nos. 3 and 8 but the localities

of the material used by Hoek (1964, 1965) and Brace et al. (1966) is

A1l sémples were taken from boreholes drilled into the footwall from
oﬁefstoped gfdﬁnd, except those cored in the 1abbratory froﬁ specimens - k ' kf
F76C’andvG7SC. The core from the three boreholes was of good quality in
the Quartzitg but deterioratgd in thé aplite, where it was often broken
into 5 -~ 10 centim tres long pieces or cut inte discs 1 - 2 centimetres
thick. The longer pieces of cére were used to prepare test cylinders
with length tovdiameter ratio 3 : 1. Wherever possible, samples were
taken to cover the thickness of the sills. The blocks F67C and G76C were
taken from the lower contact of the sills. The axial and circumferential i

strains were normally recorded independently using pairs of strain gauges
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, méumted parallel aﬁd perpendicular ﬁo the axis df the cylinder and
wired in Series.‘ However, in one test, one axial'and two lateral

: ééuges were coﬁnecfed in series to record vo}umé‘étrain ditectly.
rThe gauges were generally 10‘miliimetres 1ong,‘bqtvf0r the specimens
taken fromksample F69C the circﬁmferential stfaiﬁbgauges wereyl

‘millimetre in length. All tests wefe carried out in a soft
coﬁpre851vektest1ng méchlne, strains were récorded manually every

20 kN of applled load on a Huggenburger teplc lndlcator, or else the

load strain curve was plotted dlrectly on- an XrY recorder.

7.3 Results of laboratory experiments

Figufé 7.iA shows that'the stress-strain cqrvesAfor the’contact‘and
central goneé have éssentially’the séme élope.4 This slope, which gives
the ¥ a§un§'skmodulus f§r~the rock 1s at the upper end of the range of
'statlc alues for granltlc rocks reportem by Blrch (1966) and has a
large scatter. However, the contac;‘zone samples do not show any
,indid&:idh df ‘settling'in‘nwhichréqfr;spdnds‘tb thé closihg’of hicrof
fractures (Jaegerkand Cook, 1969, p;319), thus indicating tﬁaﬁ thé COﬁtact‘

~ zone hés fewer’migro*fractures compared to the central zone. |
" The otbef curves in Figure 7.1 show that the contact zone has a
propottioﬁally 1argér lateral strain than the central zdne, and after
riia certaiﬂ’point:the axial strain is less thén,twicefthé 1aﬁera1 strain:
thefeféie thé volume strain tends towards a pésitive valﬁe. ThiS‘means
 that the centact zone shows a certaln degree of éda&nng which is not
vpf@sent in the central zone, but the values of Poisson's ratio for the
~samples from the contact zone, prior to this change, are similar to those
for the cential zone samples and to values fér‘other rocks listed by
‘Birch (1966). |
The type of failure for all the specimensnirrespective of their

structural setting was violent, but micro-seismic activity (detected
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Figure 7.2

The variation of the rock mechanical properties across the sills.

A. The uniaxial compressive strength. The solid line is the
average central zone strength determined in this work.
B. Young's Modulus
C. Poisson's Ratio
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é audiblY) élWays occurred in the centrél zone samples prior to failure gf
but never in the contact zone specimens which suggests a mafkéd ' ‘ | : , é
5&iffarence in the respective behaviour of the specimens. In particular §
the uniaxial compressive strengths of the contact zone samples is very %
ﬁuéhyless than thé strengths of the central zone Samplés (c.f; Table '3
7.2 énd Figﬁre 7.2). The strength df the adjacent footwall quartzites é
: :
! ; is‘relatively low, ranging from,62 to 260 MPa. :Similafly, the chert E
b i : : :’
é’ in the lower contact zone is not particularly stropg, having an : i
iv E ‘aVerage‘ﬁﬁrength‘of about’280 MPa. Powevef, away from the contact , o g |
¢ R ‘ i
; gy ~zone, the strength inéréases remarkably and in the central zone the § U4
§ ‘average value ié 456 MPa with a range from 375 to 541 MPa, The large %1  H
, : |
scatter in the results from the central zone may be due to several o .
,factérs,‘inclﬁding:* é
rél (1) Samplihg difficultiés : samples were taken from g‘
: ‘ different localities and levels in the sills %f
(ii) ;Eractureskinduced in the core by vibration of the o §
e i; ' A compreSséd air diamond drill used for égring Z
’% (iii) Tﬁe p;esence of natural and mining induced joints ?
in the core ?
‘ §:" i _ "HoweVet, the average strength of the central zéne agrees fairly well with %
| the values deﬁermiued by N.M.E.R.I. (1959), but are significantly lower %
J¥ ‘: than those 0btainad by Hoek (1965) and Brace et al. (1966). The Young's § ’
: modulus and the Poisson's ratio are also in agreement with the results § |
of NM.E.R.T. (1959). |
- ’ , , :
/ 7.4 Discussion %
: | “The underground observations show that it is the very sérong central ;
 ? zone aplite and not the weaker contact zone aplite or quartzite, which‘  E
g‘  fractures badly and is difficult to support. Why it behaves in this way ’ 3“
ﬁ' . 5
! 5
: i
. *
B e R e S e
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INETIATION OF FR!’»‘&C?UREM@,AMB

 FAILURE WITH CHANGING CONEFINING

PRESSURE FOR THE CENTRAL ZONE

 MATERIAL,

fracture /A _ o -

L) &
S Qo
Lo <
i H

.
o
S
T

1 1

» : T ¥ T Y T
0 2 4 & 8 10 12 14 16 18 20

-y
-
P

Maximum principal stress x10° MPa

Data from Brace et al (1966)




EPUPTIN

L2 1 gy

L RN g dehin etk 0,

A B N T Ry e kbt L s oo

S

S

i kb, g

PO AEPR

ROMN SRy

ST

_74-..
3

is not known; it is in comtrast to what one would expect from experimental
observations, but it does correlate with the fact that the geological

joints are also best developed in the central zone.

 The initiation of fracturing in the aplite has been shown by Brace

‘,et al. (1966) to begin very early in a test, with very little

acgompanyihg'dilatiOn éémpared’fo othef rock types., Figure 7.3 shows
 thévincreaée inlthe stress required for fracture intitiation with
, cdnfining‘pressure.: The reported value of the uniaxial stress at which
 .;fraéturing began agreés well with‘the average stress (267 MpPa) at which

- microseismic activity started in the present tests on the central zone

specimens. The volume strain-axial stress curves (e.g. Figure 7.1C)

show that fracturing‘starts at a stress level of 100 =~ 200 MPa in the

contact zone Spacimens. Similarly, McGarr (persomal communication, 1974)
reported that microseismic activity during testing of hangingwall .
: quartZiteé started at about three-quarters of the failure load which .

corresponds to an average uniaxial compre-zsive stress of 260 MPa.

Pallister et al. (1971) have shown that the virgin horizontal/

vertical,strgss'ratio on E.R.P.M. was 0,72, but the vertical stress was

“less than expected from the'weightbof the overburden. At 3,2 kilometres

the stress due to the overburden is 85 MPa and so the maximum value of

“the virgon horizontal stress is approximately 60 MPa. Therefore, from

 Figure 7.3 a stress of marginally less than 400 MPa would be required

to fracture the central zone rock in the virgin stress field. Towards

- the mined out area, where the minimum principal stress tends towards

zero and the maximum principal stress increases (McGarr, 197la), a

‘stress of morée than 250 MPa is required to fracture the rock in the

central zone. According to McGarr (1971a) stresses of thesevmagnitudes

are sasily realised in the vicinity of the stope, with fracturing of the
rock possibly extending more than 10 metres in advance of the stope

face, With respect to the aplite the contact zone should fracture before

U . ' ' : . . .
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the enveloping quartzites and central zone aplite. In fact, if one

considers the extent of the induced ‘tress field in front of the stope

(McGarr et al., 1975) and the failure criterion postulated by Cook

1 665, where ay is the maximum principal

‘(1962)?k(fai1ure stress = @

'  induced sfress andk03 is the minimum principal’induced stréss) the;

“ rock’of ﬁhe’cbntaét'zone shduld be fraétﬂred up ﬁo 30 metres in
“advance of the stope; and the central zone aplite and the quartzite
fvshouidystaft,td fracture at abouf 10 metres from the séope face,

Therefore, considering the greater time gvailable for defdrmation
"undergrbund; compared to: the eXperimental wofk; the coﬁtact zone does
not deform;elastically but in a ductiie‘manner’(seé Figure 7.lc) and
sbﬁhaSifeiatiﬁély’few~mihing induced fractures. Therefore it’forms a
relatively.Stable‘sheath enciosihg the stronger central zone, which
',désﬁiﬁe géblogieal jointing mAY'have'considerable4strain energy stored
in it which is’raleaséd by mining strésses, résulting in intense
ﬁfacﬁuring? rThis‘cgrrelates with the poor core fecovery of aplife'in

this region.
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Plate 8.1

Sty o

LUder's bands formed during uniaxial compression tests; the

et

bands are generally restricted to the central part of the specimens. e i

(Photograph by M. Hudson)

Plate 8.2

~ The lithologic control on the formation of Llder's bands: the

 bands1only'occur,in the mica rich zones originally parallel to the

§ 5" e  f' ~contact, but now at an angle to the core, (Photograph by M. Hudson)
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Plate 8.3 A, B, C

A more penetrative development of Lllder's bands formed during

uniaxial compression with a small confining pressure.
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1 rlate 8.34A, 3,0 : , ‘ | , .
- ' _ ‘A more penetrative dévelopment of LlUder's bands formed during

uniaxial compression with a small confining pressure.
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8, LUDERS', BANDS

~ In addition to the main rock mechanical work, a limited amount of

‘experimental work was done on the formation of Lider's bands in samples

from the contact zomne,

6.1 Previous work

LUders" bands are closely spaced shear planes that occur in one or

two sets at an angle either side of the applied maximum stresses, during

“the deformation of metals in tensile, compressional and bending tests.

Some theory has been developed and so far only applied to tensile tests

(e.g. Nadai, 1960, p.319-339; Irwinm, 1953; Reid, 1973, p.44-47) which

‘suggests that the bands furm parallel to the surfaces of no finite strain.

This theory does not diseriminate between tensile or compressional tests.

The occurrence of Liuders': bands in experimentally deformed rocks has

only been reported by Prandtl and Rinne (1907); Heard (1960) and Friedman

and Logan (1973); in addition, Jaeger and Cook (1969, p.87) deseribe a

type of failure as 'multiple shear planes' which is presumably the same

,ﬁhEndmenbn. Naturally occurring samples have been described by Friedman

and Logan (Ié?S) and are reported here.

8.2 Practical results

In the present experiments Liders!  bands were found to form in several

- specimens from the contact zone, especially if the specimen was loaded

carefully at the relatively slow rate of 10 kN/5 minutes. By

polishing the surface of the specimens the progress of band initiation
could be studied.
The detailed results of the tests are outlined in Table 8.1 and Figures

7.1 and 8.1 show the volume strain-axial stress curves of the samples

that formed Llilders' bands; these curves show that there was nonsiderable

release of Yeolume strain energy during Lilder - band development.
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The initial observed development of the bands coincides with an
abrupt change in the slope of the axial stress-volume strain curve
(Figure 7.lc, 8.1). ~These curves also show that band formation is

accompanied by considerable permanent increase in volume.

Three stylés of formation have been observed in these specimens.

'Firstly,'the‘Lﬁderﬂ:fbands start to form at between one and two-thirds

of the failure load, being made visible by the change in appearance of

-small felspar phenchYStS‘in the aplite.‘ In the undeformed rock these

~ phenocrysts appear as 1 millimetre diameter, light green specks, set

in a dark green matrix., During loading the specks suddenly become
whiﬁeiéh in colour, wftar which the Lﬂder's bands begin to propagate
away from the felspar phenocrysts and'form around tie quértz phenocrysts.
Two sets df bands form,\résulting in a rhombohedral pattern,at which

stage, the original texture of the specimen is lost, Further increases

~in the load cause more and more bands to form and the surface area

~covered by the bands to increase.

The vecond style of formation occurs in specimens poor in phenocrysts

and loaded at very slow rates. The first sign of formation of the bands

is a general lightening of the colour of the central area of the specimen.

On closer inspection a series of very finély spaced (0,1 millimetre) bands

‘can be seen. The intensity of the bands increase as the load is increased,

with the bands propagating away from the centrél area. The direction of .
propégation:is in the plane of the bands and not normal to the plane of
the bénds as in metals under tension (Reid, 1971). The'thirdkstyle has
not been observed during’formatibn'but two distiﬁct’sets of bands form;
one parallel‘tc an adjacent shear failure plane and the other set
inclined to and some distsmce from the shear plane.
For all three styles, the Lilders!.' bands formed in the specimens tested

by uniaxial compression, are mainly confined to the surface of the specimen

- but in the specimen tested triaxially they are more penetrative (Plate 8.3).
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 TFigure 8.2

A syntheéis of the .available data on'the'change in the conjugate

angle of the Lider's bands with confining pressﬁre.

Thé‘aﬁiite'fesults were obtained in this work
" The Gbconino sandStone results are frbm Eriedman'ana Logan (1973)
. The Solenhofen 1imestone results are from Friedman andﬁLogan
(1973) and Heérd 11960); Thé 1atter‘resu1ﬁs do not have éfror'f

bars,
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There is a strong 1l..'.0vlogic control on their formation and they occur
preferentially in the areas of high mica concentration (Plate 8.2).
This correlates with the fact that no bands were formed experimentally

in samples from the central zone,

8.3 Discussion
In tensile tests on steel, the specimens deform elastically until

an upper yield point is reached, when there is a sudden stress drop to

“a lower yield point. At this point Llder's bands begin to form at a

constant stress, and when they have formed throughouc the test piece,

plastic deformation begins (Nadai, 1948; Reid, 1973). Similar, though

less well defined stress-strain curves have been obtained in compression

tests on Solenhofen limestone by Heard (1960) and Carrara marble by>Von

-Karman (1917). However, Llder's bands were not always produced in these

tests, and those that formed did so when the rock was deforming in the

transitional zone between brittle and guctile behaviour, a result also
’obtainad by Friedman and Logan, 619%3). This is in contxast to the
reSults reported here for the aplite, in which the Lider's bands formed
during brittle deformatibn of the rock, as defined by Jaeger and Coqk
(1969, p.77)

Friedman and Logan (1973)‘studied Llider's bands formed in Solenhofen

limestone and Coconino sandstone tested under various confining pressures.

‘They found a definite correlation between the confining pressure and the

angle bisected by the maximum principal stress. Their results are plotted
in Figure 8.2 with those reported by Heard (1960) for Solenhofen lime-
stone and those obtained in this work for aplite. All three rock types
for which data are now availaﬂle plot on a curve which shows an increase
in the angle from 55° to 105° as confining pressure increases to 300 MPa.
The‘errors are relatively large particularly at low confining pressures,

but they are reducedvat slower strain rates. However, Heard's (1960)
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results do not lie on this curve which suggests that parameters other

than confining pressure and strain rate influence the formation of

o

LUder's bands and may affect the angular relationship between pairs

of Lider's bands.
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9. MECHANISMS OF INTRUSION

From the isotopic work and the chemistry, it is obvious that the

 postulated origins of the 'chert dyke' put forward by Pretorius (1964)
e mylonitisation of the sediments, and Shipway (1972) i.e. low

" temperature lateral siliceous secretion, are incorrect. TIn this chapter

the emplacement of the $ills as a hypabyssal igneous intrusion is
discussed,

’ Some of the features that have to be explained include (1) the non-
laminar flow texfures and (2) the limited distribution of the sills

within a particular horizon.

9.1 Speed of emplacement

A minimum average speed can Be caleulated from the time required to
crystallise the complete thickness of the s§ill, during which the sill
must have covered the maximum known distance for the sills, which is
gréater thar six kilometres. From Jaeger's (1959, 1961) curvés, the
time reqhired‘for a four metre thick sill to crystallise, using’the
assumption that the melting point is 900° C (Chapter 4), is 20 days.

Thié means that the larger sills must have had a minimum average speed
o£ 0,35 cm/sec; the actual value would have been slightly greater because
little or hg movement would have oceurred during the final phases of

crystallisation.

9.2 Viscosity of the magma

Bottinga and Weill (1972) and Shaw (1972) have recently shown that

the approximate viscosity of a magma can be derived from the major element

chemistry of the igneous rock. The numbers obtained using Shaw's (1972)

technique are in good agreement with viscosities determined experimentally

for magmas of similar composition. Shaw's (1972) method gives a viscosity
for the aplites of 8,2 x 105 poise at 1000° C, a value which agreas with

those for obsidian listed by Clark (1966). This calculated viscosity

* i
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would be reduced by the presence of volatiles (Shaw, 1972; Kogarko,

1 1974).

The importance of the viscosity is that most models for intrusion
assume laminar flow, and can therefore be used to estimate the pressure
gradient required to move the magma. In the aplite sills non-laminar

textures were seen which may indicate localised disruptions of the

laminar flow field by turbulent flow. Prandtl and Tietjens (1957) give

~a value for the critical Reynold's number of a thousand for unstable

turbulent flow. The Reynold's number of the aplite magma, using
estimated and determined parameters most favourable to generate a high

Reynold's number can be calculated as follows:-

R = p.u.dfn p density of the magma (g/cmB)
' : u speed of intrusion of the magma
= 2.4 % 0,5 x 600 {cm/sec)
8,2 x 105 : d thickness of the sill (cm)
4 ' n viscosity of the magma (poise)
= 8,7 x'10 : : ‘

This number is considerably smaller than required for turbulent flow,

and only by reducing the viscosity to the unrealistically low value of

+ 1,0 poise will the Reynold's number equal the critical value.

The implication of this is that the non-laminar texture cannot be

~explained by classical £luid dynamics with the presently known or

estiméted parameters, though the texture looks very like some turbulent
flow structures:. In fact it suggests that during intfusion patches of
tutbulenr flow occur in the centre of the sills, particularly near
protruberences of the wall. with a boundary layer of laminar flow at the
contacts. ' g

A result of this low Reynéld‘s number and the slow speed, is that the
pressure gradient along the sills will be due to fractional drag and

elevation changes and not due to turbulent drag as weil,
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9.3 Stratigraphic level

At the time of emplacement of the sills, given by the geochronology,
it was estimated that there was nine kilometres of overburden (Chapter

6). This is in disagreement with the resul‘'s of Mudge (1968), who found

that the maximum depth for the emplacement of sills was about two

kilometres: Thérefore the‘depth of emplacement arid the transgressive
nature of the aplite sills must be explained.

A large number of workers including Andersén (1938) , Gretner
(1969), Roberts (1970), Pollard (1973) and Phillips (1974) have tried
tb;explain wh) sills occur at a particular level. Gretner (1989) and
Roberts (1970) have postulates that depend on the weight of the over-
burden and the~rhedlogical properties of a particular horizon.

Phillips (1974) has a postulate that a dyke will change into a sill when

‘the density of the magma equals that of the host rock. Pollard (1973)

»explains the occurrence by the physical nature of a pre-existing

discontinuity such as bedding. Roberts (1970) also has an explanation

which is solely dependent on the pore pressure of the host rock being

» * ‘ &
nearly equal to the lithostatic pressure, so that the particular level

~at which the sills intrude is essentially equivalent to the topographical

surface.

Iﬁ Chapters 1 and 2 it was noted that the préjected outcrops of the
aplite sills have a linear expression which cuts across the folds and
faults of the Witwatersfamd sediments, éspecially in the West Rand.

This suggests that the above explanations are not applicable to the
emplacement of the aplite sills on a gross scale as they cut across rocks

with radically different rheological properties (shale, quartzite) and

across major faults. Also the inferred level of emplacement (9 kilometres)

is far in excess of the usual level of sill emplacement of less than two
kilometres (Mudge, 1968) and at an unfavourable level for the above

postulates.
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The depth and the transgressive nature suggest that the gross
distribution of the sills may be controlled by the principal stress
érientation. The geometrical form of the feeders to the sills is
unknown, but since the known geometry of the sills suggest they lie
in the plane containing the maximum and interﬁediate principal stresses,
'ﬁhe feeders may follow continuations of these planes to depth. The

form of the principal stress trajectories surrounding possible magma

‘sdurces has been considered by Sanford (1959); Roberts (1970) and

Phillips (1974); the last two extended the original theory of Anderson
(1938) by considering a pressurised oylinder or sphere representing the‘
magma chamber in a solid near a free surface. The analysis predicts
that the sills would emanate from the sides of the magma chamber (see

Figure 9.la) and then ascend through the crust towards the free surface

~asymptotically, The form of the stress trajectories will be modified by

any additional stress components acting at the same instant. In the case
of the aplite sills there are two additional stress components; a
gravitational stress system with the maximum principal stress oriented
vértically, and a tectonic stress system with the maximum principal
stress oriented horizontally north-south. There is a possibility that
this tectonic stress might be a result of the pressure in the magma
chamber. In such a model, the shape of the magma chamber will have the -
largest single effect on the distribution of the stress trajectories.
In Phillips' (1974) postulate, the absence of dykes at the surface is
explained by the magma chamber rupturing on the sides due to a sudden
expansion in the volume of the magma. As a result,‘magma would extrude
laterally and not reach the surface.

The planes containing the maximum and intermediate principal stress
can also change in orientation from the horizontal to the vertical at a
crustal monoclinal flexure, (Sanford, 1959 and Roberts, 1970). In such

a system (Figure 9.1h)sills will occur in the cerustal block that is

Y.
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) { : depressed'and dykes in the crustal Block that is displaced upwards. ;

The density of a granitic magma is approximately 2,4 x 103 Kg/m3 : E SR -
at 800° ¢ (Harris et al., 1970) and will be less at higher temperatures E | .
so a marked densigy contrast with éll rocks (except water saturated,

unconsolidated sediments) should have existed during the intrusiom

e bt A, oA s i, B

1 % : of the aplite. This density contrast would introduce a gravity potential

which, with the magma pressure and bouyancy affect would provide most

e s

f e or even all of the force required for the emplacement of the sills.

e

The sills were emplaced at nine kilometres below surface as a result

of the magma following a stress trajectory that was near horizontal at E o ‘ %

. o : : nine kilometres below surface, in the Central Rand Basin.

{ ; 9.4 Conclusions

From the chemistry and isotopic work it was inferred that the magma

oA

originated at 35 kilometres below surface, and was emplaced at 9 kilo-
metres below surface during the preliminary activity associated with the : '
Bushveld Igneous Complex. From the preceding sections in this .chapter

it was inferrved that sills intruded along flat lying planes containing S o

stns

the maximum and intermediate principal scresses at approximately 0,4 cm/

sec, Finally, from the geometry given in Chapter 2 the sills appear to

have been emplaced from the south east.
The crustal flexure model would appear to be a favourable one, for

there would be crustal uplift resulting from the melting of the mantle,

to form the Bushveld magma, This would result in transgressive sills

being injected into stable block, and gently folding it which correlates

B i gtk e DA 8 Aol Mt ST Bpiare

% with the folding of the sills. On E.R.P.M. the direction of emplacement

would be noxrth to gouth. Howeﬁer, there is evidence fLrom the morphology

:
|
{
f
|
| i
| : | |
: of the sills that the direction of emplacement was south to north. ) !
}3 S¥ [
| There are two many unknowns to agsess whether the other model is a }
| |

more favourable one.
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10. CONCLUSION
The aplite sills on E.R.P.M. are part of a much larger set of

asscciated sills occurring within the Witwatersrand sediments. The

exposed aerial extent has extreme variations, but the thickness of

‘the sill is relatively constant and the maximum thickness is notice-

ably smaller than other occurrences to the east and west of E.R.P.M.

Petrographically the sills appear to be similar to a large number

of other felsic sills with a two stage cooling history. However,

chemically the aplite is rather unique ag a result of the peralkaline
composition of the source rock which was anatectically melted at 30 -

35 kilometres below the surface. From the geochronologv this source

“rock appears to be associated with the leucotonalitic gneisses of the

Ancient CGneiss Complex.

‘ The emplacement of the sills appears to be controlled by the tectonic

prinecipal stresses operating at that time with only a minor influence

from different rock types and structures. The magnitude and orientation

of these stresses as deduced from tectonic features are: o, 400 MPa,

182°/27°; o, 230 - 400 WPa, 2740/10°; and o, 230 MPa, 028°/70°,

2

associated with the aplite sills.

In as far as the mining activity is concerned, the aplite sills

- appear to present a structural problam only when the sills are greatex

than three metres thick. Such problems are only expected to be

~ encountered in the Angelo and Driefontein sections in the long term

future; in all other sections mining is taking place above the aplite

1

sills and so is not influenced by its presence.
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‘ |

; APPENDIX A

: |

List of samples analysed with crushing procedure and brief i
: description. Unless stated all samples are in excess of 2 kilograms | 4
¢ ‘§ and all samples except the very small ones were split into aliquots |
; ;
E after the initial crushing in the jaw crusher. ;

§ { Abbreviations: JC = jaw crusher, S = sieved, A = agate concentric

i | ring mill, WC = tungsten carbide concentric ring mill, NiCr = nickel-

; E chrome concentric ring mill. :

: f Sampile names: TFG64A = collected in T shaft on 64 level, BC2/1,2 = s ‘ %

ég‘ o é - sample from No, 2 borehole 1,2 metres from top contact of the sill. %

$ ° . e ' ) 8 .

; H ~ Sample Sill No.  Crushing Description ;

§V‘K o f - F64F 10 JC, A High mafic content in ellipscidal :

: - 4 : concentrations : SR

P g - F64G 9 JC, WC . Small evhedral pyrite crystals in a /

; : sample otherwise similar to FG64F .

j‘ F678 B JC, WG One metre from bottom contact with mo : :

! noticeable differences from other U

% central zone rock g

'S F69C JC, W¢ Felsic intrusion in Sill No. 8, medium t

; grained granular rock {

[

§ + . r

SN ¥70E ‘ 8 JC, A Laminar and non-laminar texture 30 - 40 ;

R L ‘ , centimetres from bottom contact :

oo : | ; ;

i G4l 1 JG, We Strong laminar texture from centre of -

i sill composed of parallel ellipsoids of B

: mafic minerals M

; i

G74A 3 JC, We Large pyrite phenocrysts (0,5 centimetre) %

: 0,5 metre from bottom contact in an off~ ; ‘
white, fine grained matrix, in contrast to i ‘
aphanitic matrix, : |

R H i
, ; *
Q G74% 6 JC, A . Large pyrite phenocrysts 0,3 metres from i

I i bottom contact. In a pale green aphanitic E

: ; matri i

. i \ ?

j | : © G5B 6 JG, WO Pink Coloured sample with laminar texture. ‘ i

g : about 15 centimetres from the top contact : :

; ; : ' ’ { ‘

; : : : P

h o
i . . e . 2 , o
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Si1l No.

Sample Crushing
 G76B 6 JC, WC
G76D 0,1 6 JG, A
676D 0,2 6 J¢, WC
Q76D 0,75 6 JC, WC
G76D 1,2 6 Jo, we
G77A Jc, We
H70A 1 Je, we
H73A 3 JC, WC
HTSE 2,6 3 3¢, V0
R75Z 3 Jc, A
H751T 3 JC, Sy A
H75TID 3 JC, NiCr
H76T 4 Jc, we
H77D 4 Jc, We
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Description

Normal central zome grey specimen ixom
the central part of the silt

Normal contact zone specimen forming
part of a traverse 0,1 metre from upper ,
contact in the stope ; !

Normal central zone specimen forming
part of a traverse 0,2 metre frowm upper
centact in the stope :

Normal central zone specimen forming
part of a traverse 0,75 metyre from upper
contact in the stope

Normal central zone specimen forming ;
part of a traverse 1,2 metres from upper
contact in the stope |

Quartz~chlorite~calcite sill intruding
Sill No., 6

Normal grey central zone specimen from f‘

the central part of the sill, and the

- furthest removed accessible sample £rom

others for Sill No. 1.

Specimen has a LUder's band texture,
defined by linear concentration of mica,
1,5 metres from bottom contact

Specimen has a Lilder's band texture,
defined by linear concentration of mica,
1,5 metres from bottom contdct

From the central part of the sill with a
large scale colour banding of light-dark,
green, grey colouring

A bright but off-white sample with
magnetite phenocrysts collected in the 5
stope in the central part of the sill ‘

Duplicate sample of H75IT

Near a post sill, quartz vein, in the

central part of the sill that has no

noticeable differences from other central

zone material i

From the central part of the sill, but
10 centimetres from a mineralised joint,
containing mica, caleite and pyrite
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