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The Basa) Conglomerate of the Eureka Syncline shows little or
» svidence of metamrphic alteration although at Sheba 5iding the under-
iying "lave or tuffacacus graywacke" has been slightly metamorphosed and
reerystallized,

(s} Greso Sexventinites
(3) Intreducticn

Some of the basic rocks in the area are thought to be of
igneous origin and probably belong to the Jamestown Igneous Complex.
{wcluded within this growp are:

1. massive green serpentinites.

2, isolated ultrabasic zones with magnesite occurrences.
3. nickelifercus magnetic serpentinites.

4. talc zones in massive serpentinites.

The association of basic and ultrabasic rccks may be classified
4 belng of the "alpine type" occurring in folded geosvnclinal sediments
of an orogenic belt (Turner and Verhoogen, 1960).

(11) Edeld Occurrence and Descriation

The serpentinite bodies are confined primarily to two areas.
The one occurrence is near Sugden Siding in the central portion of the
s, while the other main body occurs in the western portion of the area
L. morthwest of Sheba Siding. In addition a few minor occurrences are
' be found to the south of the Lily range on the farm Crystal Stream,

Included in these serpantinite masses are zones of magnetite,
filc wnd nickel-bearing trevorite.

The massive body to the north and northwast of the Scotia Tale

?‘” ®pears Lo have intruded inte the sedimentary sejuences of the Lily
ciing causing the iormation to split into three distinct bands that
B first to the sast of Ewceka Siding. They continue towards the
! where the divergence reaches its maximum, Leng narrow quartzite

s are severed by the ba.lc intrusives., Intercalations of
:?mtmu and the numercus alteration products of serpentinites occur
hin the Noodies rocks.
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e ssall narTow bodies. These bodies appear to be steeply inclined
1snses oF sheets lying concordantly with the surrounding quartzites of
the Lily Syncline.  The olp of the foliation is difficult to measure
bt gererally conforms to the regional structure probably indicating
that 4t underwent defcrmational events similar to or synchronous with
thase of the adjacert rock types.

(iv) Eetamoreblse

A difficulty arises in irying to estzblish whether or not the
swrpentinite bocies were intruded at high temperature or whether they
wre smplaced as "cold intrusions”. This difficulty is duv to the fact
et *he intrusive serpentinites all occur in closa proximity to the
Nelgruit Granite contact, The grade of metamorphism along this contact
{s sometimee extremely high as is seen by the occurrence of sillimanite
s pyroxene-bearing hornfelses. The fact that s high grade aureole
sours on the granite side of the serpentinite mass near Bar 5 beacon
wd ot on the south side suggests that metamorphism wae primarily uue
t the intrusion of the igneous granitic rocks.

The metanorphic influences of the ultrabasic todies are slight
ud the successions adjacert to them have alterved assemblager that may be
clamified as belonging to the greenschist facies or tc the lower grade
sebers of the albite-epidote-amphibolite facies. Bowen and Tuttle have
fowd erperimentaliy that thers is no likelihood of a serpentine magme
aiting below xOOOXC (Turner and Vezhoogen, 1960).  On this experimental
dita, however, Hess's (1938) idoa that an ultrabasi: magms ccald be
istreded at low temperature with 5 to 15 per cent HyO present, must be
jected.

Bowen proposed 8 theory of mechanism of ultrabasic intrusion
vereupon he stated tha* the "magma" at the time of intrusion consisted
izgely of olivine crystals kept roblle by small quantitiec of inter-
Pwalar megmatic liquid or even water vapour. Gravitational settling
of thy olivine would be a mechanism capaole of producing "magmas” of this
. It was argued that these basaltic magmas chould he expected to by
wewmanted by other and more siliceous rocks representing the comple-
wolery liquid differentiate (Turner and Verhoogen, 1960).

Buaring this Jast mentioned fact in mind ani the apparent high
g of silification snd chertification of practically all the
Weesslons in the srea the writer suggests that might this nct be some
"piesion of the processes outlined above?
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The ultrabasic bodies have been serpentinized and only in rave
jnstances were olivine rarnants ooserved. The serpentirization is more
ot less evenly distributed throughout the ultrabasic massec. Hess (1933}
wtud that the uilvahasic brdies he examined showed a8 lack »F  wvolume

change when altered tc serpentinite. He also stated that the sepentini-
stion resulted during the ‘last stages of the same cycle of igneous
awtivity es the Intrusio~ of the ultrabasic, Bowen and Tuttle have shown,
wowever, that serpenti dzation apgroximates to an equal-volume replacement
od occurs ut temperaturss of 200° to 400°C.  Water, silica and carbon
Hoxide necesssry ror the siteration Could hdve Boeas derived from the hydro-
therme] solutions emarmting from nearby granite imtrusivds, or from magmatic
wters or WeYur charged geosynclimal sediments (Turner and Ve-hoogen, 1960},

Ihese writers also give a reaction in which olivire is replaced
iy the ~ame wlume of serpentine, The excess Mg and SiO2 being removed
in sol lon.

MgS10, ¢ 4,0 4 2H Mgy SLO, ¢ AP +S10,
(0livine) (uirtroduced) (Serpentin.) (Removes in solution)

ithe metamurphic mineral assemblage of the serpentinite occurresces
in the report area generslly show a la~k of minerals other than serrentine
(mimih), magnetite, magnesite. quartz and rarely clivine and chromite,

The serpentinimites near Sugden Siding show signs of actinclite
ad chlorite indicating that 8 high temperature was present to cause the
steration of the uitrabasic rocks. Trere is abundant magnesite
developed due probably to the introcuctlor of CO, to the serpentinite,

Turner and Verhcogen (i%0) show this reaction as followss

31‘ ng 512 OQ ‘5{302 - H2 Mgs Sid O12 ’3Mcj)03 +3 HQO

(serpentine) (talc) (nagnesite)

Taleitication of the serpentinite-bsaring rocks probably was the last
Mixees to have taken place. Hess (1733) stated emphatically that
wrpentinization preceded steatitization and Turner and Verhoogen (1960)
tthough mot as adamant as Huss nevertheless sppear to support this view,
The slteration of the serpentinites to talc may be due to tne effect of
't agumous hydrothermal solutious probably derived from the ..warby

lve Nelsprult Granites. The fact that black needles of tourmaline
#t found tc sther with the talc would tend to support this contention.

Other oxamyles of talc depostits of the steatitized type
@oaiating of concordant lenticuiar bodies of altered ultrabasics are

facribed by Hoss (1933).




(v) Quigio

The presence of olivine, magnetite, chromite and rickel togethor
with nagnesite and talc rcurrences suggest that the rocks originally ware
arived frowa a magnesian rich parent rock of ultrabasic composition -
wesibly 8 peridotite or dunite, Barth (1952) statad "the home of the
dwites 1s, generally speaking, the folded mountain chains®, These are
frequently accompanied by serpentinites but as was stated earlier the
sroblet as to how the ultrabasic bodies intrude still remains althougn
Gwen and Tuttle (1949) think that there §s no oscape from the conclusion
that dunites can be lntruded o ., in the solid state.

(v) Melsorult Gganite
(0 Intredustion

The term "Nelspruit Granite" was used by Hall (191%) to describe
the Aruhacan granite-gneiss that constitutes a large area of the Eastern
Transveal lowveld., Unlike the dark hornblende-bearing Kaap Vallny
irmite, the Melsprult Granite is essentially a leuwcocratic variety but
s have numerous dark zones rich in biotite,

{11) Edeld Occurrence, Descriotion and Structurg

The Nelspruit Granite occurs along the ertivs northern fringe
of the Barberton Mountain Land whers 1t bullde wwil-rounded hiils that
foy part of the Krokodilpoort R. nge.  This range forms the watershed
heen the Crocodile River in the north and the Kaap River in “hc south.

On the whole uutcrops are poor except whers the Kaap River has
& into the granites, Large areas consist of flat-lying extensively
dcommsed rock and neer Louv's Creok Station the granites are ovorlain
%t stretches of arablo farmland.

The granites exposed in the arca may roughly be divided into
tit ategories:-
1. intrusive contact granites.
2, homogenous granites.
3. massive gnelssic granite,
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1. Intrusive Coptact Granites

The granite along the Contact Belt ie¢ an intrusive granite that
1 been injocted into the dark contact amphibolites. Tho Intrusive
ature of these rocks appears limited to the fringe of the granite massif
wd extends northwards for only a few hundred yards before gradationally
sanging into a moTe compact finer-grained homogeneous granite.

Typically, the granite seon in the ares is mediume to coarse-
grained and light in colour. Hand specimens consist of quartz, feclspar
»d sica.  In thin section the rock is principally conposed of quartz,
serocline, twinned and urtwinned plagioclase felspar (usually oligoclase
or albite}, muscovite, bintite and magnatite, In addition mlnor amunts
of green hornblende and epidote were roted.

The contact zone is characterized by numercus intrusive
sequatite bodies and veins as well as granitic and aplitlic occurrences.
(ewliths of amphibolite are largely résiricted to this zone and are fdlded
sether with tho granites. The folding has deformed the intrusive
veins and in the Kaap River cutting near Honeybird Siding a well emposed
cfictop shows conlempoTaneous folding o1 granite veins and amwphibolite.
huiinaged structures occur on the flanks of the folds while in the
nage sones minute parasitic folding has taken plece {see Plstes 16 and
7). All along the contact the granites a3ppear deforred and have
sbriously undergone extensive folding. Lineations considered to be
wselsted with the f{olding are well developed, especially in the Koap
twr cutting and in the ares to the north of the heicen, Bar 5. The
sltionship of the lineations to the folding ls explained mre fully
nder Structural Geology later in this report.

The granites are well foliated along the immediate contact
i mca flakes (sssentially muscovitc) show a parallel orientation.
inthir eection the linested granites 3isplay buckled and wbsted
tystaly of mica {see Plates 18 and 19). Tha quart: in the deformed
mite: shows strain extinctlion ant the piagloclase felspar
olgoclase, albite) 1s frequently seen underying incipient slteration
@ sericite,

Numerous pegmatite and aplite veins penetrate the earlier
Fultes and xeroliths and thorofore post-date them. The pegmetite
:‘1“ snagtomize throughout the contact area and ptygmatic veins ere
"uently scen in the contact amphibolites and xenoliths. ic
?¢1Mtlon ts made in the mappling of the granites and the pegmatitus
® to thelr obscure gradational nature in peor.y exposed creas.







Characteristically the pegmatites possess large folspar

crystals consisting of albite, oligoclase and microcline. The iarge:
wins often show zoning with a chill phase around the outside and coarss
telspar and quartz crystals towards the centre.  In most cases the
felspar 18 partly sltored to sericits. The microcline has wei!

dewdoped pelysynthatic twianing and cdgastonally small muscivite books’

e doveloped.

2. Homaeneous Granites.

Gradational boundaries exist between the granites along the
cotac od th e te the northk. The hoivgeneous granltes seldom sccur
inr  .ve bodics, The gradual change from a sheared lineated rock to
twi, acty almost undisturbed variety can be seen in the Kaap River
ctting which provides an exceilent section for about thrae mi.es into
te massif. There s a notsble colour charge from a 11 . coloured
punlte to a more pinkish variety, Dark zones are due to an increase
in the blotite content o the rock.

In some instances there is a corplete absence of foliatinn,
fpart from the Kamp River exposure the nature of the cuterops does not
rerlt any detailed study but aplitic and pegreticic velns were seen to
incrwde into the hemogansous graniteg,

3. Maaalve Gngissic Granites

Further north the granite bocomes gnelssic with follation
daer dutined by the parallelism of mica flakes. Tha greissic granite
is often intensely folded and intruded by veins of pegnatitic and
uiitle materdal.  There 1s 2 notable absunce of xeroliths in this zona.
keh of the granite g5 woathered snd the soils derived from them are
it grey in eolowr and are very sandy. Jointing is often very
sanent shore eXposures are good. On the farm lovedale shear zones
i \he granites have been filled by hydrothermal quartz velns and the
Faites adjacent to the shears have undergone recrystallization to a

$Bined aplitic rock. Trenching was carried out many years go
4 ta mynor irdfcations of gwid in the vein quartz,

A porphyritic diabase fyke that cuts through the granites on
e fovm Lovedale has altered the foliation direction of the greisses
#tely adjacent to the dyke. The mormal or regional foliatfon
) Toughly sast-west but in the nelghtourhood of the dyks it 1ies
::?!Hol o the contact ana q. rrobably the result of a cambinetion
Yuaring and ho o swelaced with the dyke's omplacement,







.60 -

Rorth «f Eurexs Siding and on the farm Perl, migmatites,
consisting of intimetely mised granitic and amphibolitic country rock,
ae exposed., Flow folding and lrregular banding was alse noted
{gse Plate -

A few marghy aress occur at the foot of the slopes leading up
v the gracite nills and springs are to be found in some of the shear

pios s

(211 dsvamershism Produced by the Granite Intrusion

Hest “rom the intrusive body spreading into the surrourding
sadimerts resulted in & minevalogical and textural reconstruction of the
rock fabric ane produced 8 thermal auveole of contact metamorphism.

By sxamining the wimeral assemblages in successive stages away from the
ganites It was pessible in tnis ares to defime wid ldentlify thres fatles
sf wtamrphisn. Theew sre, starting at ‘he contact and progressively
iy swamy From it

. thwe hornblende-hornfels facles

. aibite~spldote-amphibolite tacies

. greensctist facles. (Bse Fig, 27)

(R S

sl has been deslt with wore rully earlisr in this report. It is
wilinlent hers to mewtioa the wide varisty of metamorphic miserals
gy From sillimanate and garnets nesr the intrusive granite contascts
invwils ¥ progreusive decresse in metamcrphic grade to the south where
i wmk actimelite Timw.ly give way to entirely unaltered sedimentts.

T deficiene- of metsmorphic phonomena in the sediments of
e Tabmene Mountair .and has been noted and commented pon by mmerous
immigairrs Ln the post, Ome 0! the most plausible axplanations to
iy Gy el sdvemced e Fesd (1951) whe considered that the baslc rocks
the Meantuin Land scted ss buffers that dissipated the hweat
amskated with the gramive infrusions.

“ne relstive sbsense of regional metamorphic effects would siso
st &y wgggest thai the succossions revealed today could not have bian
neded wesatn wry great stretigrephic cover ir the past.

lsv) OQxdmdn

The re.ationship of tme granites tr the rocks of the Farberton
oo Land has poesed mamorcas problems fou which many viewpolots bave
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pean extended in an attempt to clarify or expialin certain phanomena. One
of the furemost difficulties has been to account for the origin of the
Kazp Valley Granite, the Nelspruit Granite and the corresvonding 'G'
series granites in Swaziland and their relationships fn time and place,
feiefly sunmed up below are several of the suggestions, findings and
theories presented in the past.

Age determinastions done on biotites from the ares betwesn
keleprult and Ka iden have given an age of 2,600 nillion years
{Micolaysen, 1962). The nearby Kasp Valley Granite has been dated as
peing 3,200 2 100 m.y., (Sample from the farm Somerset in the Barberton
Valley, Nicolaysen, verbal communication). On the Barberton-Agnes
¥ine road the intrusive relationshlips between the Kaap Valley Granite and
the Swaziland System can be seen. On the other side of the Barberton
Wuntain Land in Swazlland, the G4 grenites have been glven a mean age of
34070 160 m.y., obtalned by 'totai-rock' analysis (Allsopp, Roberts and
Sehredner, 1%25. Near Forbes Reef {n Swaziland the G4 grenite is
intrusive into the Swaziland System and ap'itic-granite dykelets invade
the Jamestown schists (Hunter, 1961),  van Eeden (1941) reported that
the Nelspruit Granite was intrusive into both the Swaziland and Moodles
Systems in additisn to the Jamestown Igneous Complex. In the report
wes the granites are only intrusive into the ascid and basic rocks of the
Cnwarwacht Series on the northern limb of the Lily Syncline (formerly
regarded ss the Jamestown Complex).

The Geological Survey (Visser, 195 ) has shown that several
phoges of the Nelspruit Oranite were exposed in the District and they
fugpest that the granite reprerents & serles of products derived from
the procusses of granitization.

Hoad (1951) interpreted the granites as being the products of
the migmatization of semi-pelitic and more siliceous rocks., He
vlassifiom tham as autochthonous granites l.e. granites produced by
grandtization that are surrounded by great aurecles of migmatites and
wtwmorphic rocks. Autochthorous granites, Read explained, formed in
place ut the baso of the migmatite complex.

The granitized materisl, rendered mobile by sosking, will tend
% move as 8 whole upwards into & lower pressure environment, Wobllized
Mtarisl, ususlly only & fraction of the original granitized mass may
diffar in composition and charscter from the parent material as it moves
into & different environment,

The granites snd gnelsses in the repc.t ares ere dominantly
o8 rich with abundant oligoclase and albite felspar. The ‘ntrusive
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et gxmitu and pegmatites have an increased potash content and
emeline becomes abundant. Read (1997) quotes soveral examples f
wtoshthonous granites with similar characteristics to those fourd an

the BTGB,

Ramsay (1963) was of the opinion that the granites represent
we sriginal basement on which the sediments were later deposited, He
wnsiders the whole to nave been deformed and intruded by later granites.

The age of 2,600 m.y. given for the Nelgpruit Granite is not
stirely in keeping with the idea that these granites represent the
wiginal basement. The difficulty might be explalned by the fact that
the age was determined using biotite only and ot the *total-rock’
wtwd, The age obtained might represent a superimposed period of
wiasorphism coincident with the last iatrusive phase of granites.
¥isnleysen, verbal communication).

: Amsther problem of prime importance is the juxtaposition of

tgh Tevel and low level 1uck types and the associated metmorphic
sncountered throughout the District, By high level ruck

tyes 15 meant the stretigraphic successions comprising the rocks of the
Jbepton Mountain Land that were deposited on the low level rocks made
#of granites, migmatites and gnelsses of varying compositiors, With
wh '8 vast development of granites ontirely surrounding the Mountaln
lad 1% hes genorally been regarded as extraordinary thau the metamorphic
#iacty observed in the area are practically negligible and are largely
wnfiwd to the merginal or contact fones. In some places luss than
1afle from and seldom exceeding 3 miies frem the granites the formations
#e sptirely unalteved. It would appedr that the Precambrian rocks in
e 4Pen were never covered by sny great thickness of younger formations.
e metmmorphism, therefors, is principally of the contact metamorphic
0 with # contact aurecle of varying grades and extent. Dynamic
#licks; m doubt, have locally influenced the rocks espocially slong
ity and in strongly deformod sreas but wide scale regional metamor-
i Iy prorly developed.

1t was montioned esrlier that the granite s followed by a very
Bglar succession of strata dipping outwerd from the massif. Both the
patites and the sdiacent sedimentary and wolcanic rock sequences are well
Glisted, Contemporancous with the mobility and injection of the granites
b poasibility exists that transpert of certein constituents {Blotita,
Sntovite snd hornblende) along paths of differential shear could have
“tited, thereby producing the conformable follstions.
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Perhaps the most efficient explanation applicable to the ares
pe found in Wegmann's infra and superstructural concept. Read (19%57)
qoting Wagnann shows how ho distinguished between the non-migmatitic
wperstructure and migmatite infrasstructure, The latter conditions
svancing from below Involve the basement rocks and the geosynclinal £ill
ssterial while the transitional zone botween the migmatites and the sedi-
gantary cover is the sphere of activity of regionsl metamorphism.

Within the moblie belt the infrastructure penetrates the super-
drpeture.  The injeccion is accompanied by intense metamorphism and
mtasomatism and tongues of magmatic granite ultimately appear at higher
levels,

Finally, and purely a suggastion not based on any extensive
investigation is an idea proposed by D. A, Pretorius {verral communicstion)
& gonsiders the possibility that the oldest granites encountered in
sethere Africa viz, the Xaap Valley Granite, the Gl granites of Swazlland
ad the Old Granite rorth of Johannesburg amony others, might represent
the Feores” of the granite massifs that have boen elevated to thelr present
dny positions. The granites encircling these generally dome shaped bodies
mzﬁmr and may represent some expression of a "crust of grenite” that
s locally been made mbile, especlally in aress fringing the uplifted
L

{e) Dvkes
(1) Intxeducticn

Several varieties of hypabyssal dyke rocks occur in the area.
They are seldom seen in outcrop, save where they are exposed in river beds.
In the granites the dykes are more conspicuous due to thelir darker
wisurstion. Good exposures are clso afforded by the road and rail
tuttings betweon Eureka and Honeybird S$idings.

Often 8 close visual similarity exists betwsen the dykes and the
basis roeks of the Onverwacht Series especially where they are weathered.

Four variet®es of dyke were distinguished in the fleld. These
"

1. dolerite dykes.

2. diabase dykes,

3, porphyritic diabase dykes.
4. amphibolitic dvkes.




(11) Edeld Occurrence und Strvcture

The dykes occur intruded into all the formations throughout the
asren. A fow occur as low mounds  inding out above the surrounding
wemat lons, while others in the granite for exsrmple, form notable
dpressions. In o st cases outcrops are poor and continu‘ty is brief.

The dykes to the south of the granites strike roughly at right
wgles to the trend of the sedimentary formations into which they intriude.
Jointing was noted ir well exposed outcrops of amphibolite and quartzite.
These juints are also roughly oriented at right angles tc the regional
trends. The intrusfon of. ti.e dykes therefore, may have been partly
wotrolled by the regional joint pattern. A fow dykes do deviate from
the general trends; these occur mo:tly in the granites where they strike,
in sddition to 8 north-south direc.ion, roughly mrtheast.

A very persistent porphyritic disbasce dyke also strikes rorth-
esst and can be traced for several miles before it disappears Into the
ganites.

‘ The dykes with faw excepticns ars narrow, sometimes only a few
& st in width., The principal exception is the dyke that occurs in the

J Honeybird Creek sres. This dyke is in places, up to 100 feet wide but
pinches and swells irTegularly and in addition possesses off-shoots that
7ive the impression that the dyke is still wider. Most of the dykes are
obscured in the 3rd dimension but appear to be vertical. The porphyritic
dvke enposed in the rail-cutting north of Eureka Siding dips steeply tu
the west.

(111) Detalled Descxiption of the Dvkes
1. DRolerits Dvkes

Only a Jew dolerits dykes were noted snd these passed at tines
into diabase dykes. In the gianite a dolerite dyke occurs northeast of
Honeybizd S1ding while near Louw's Creek on the farms Lilydale and
Suprise the dyke trending north is frequently of coarse-grained dolerite
wigesition. A porphyritic dolerite dyke occurs on the farm Klipbokrant.

In thir section the rocks are fine-gralned, holocrystalline
Wih fresh folspar and pycoxene. Ophitic intergrewths of plagloclase .
“m&m are commwon., Alteration of the constituents ususlly
#*9duces variable arcunts of chlorite. The felsper is generally
Iftrador ite-bytownite while the pyroxenes are augite and pigeonite.
4 1ittls magnetite and blotite was also noted.
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abscut® large tracts cf the ares lmmediately south of the Lily ridge.
geverzl recent rock fall: have taken place on the sheer c¢liffy on the
farm Crystsl Stream,

1. POSSIBLE PRE-DEFORMATION HISTORY OF THE AREA

Earlier in this report several reasons were given contesting
4w pravalence of the sssemblage of rocks formerly classified by the
Geslogical Curvey as beloncing to 'he Jamestown Complex. The evidence
ws presented in stages usnd the full impetus of the ides, that many of
the rocks be'onging to this succession do mct appear to be altered basic
{gneous rocks, may rot have been nmade sufficiently tenable.

The remarks that follow in this section are baged mot on one
particular facet of evidence but were formulasted from the considersble
wount of information obtained from structural and metamorphic
pheromens in the areas.

An almost identical arrangement of rock types to those found
{n the report rreu, exist in the Amphibele-Schist Series of Pahang,
kaleya, and their origin has, during the past, boen considered from
worsl viewp tats.  (Richardeon, 1947). Generally it was conceded
by sl the investigators that the original rocks must have been rich
in iron, magnesia and lime or that slternatively quantities of thesw
redicles, together with alkalis, were introduccd during metamorphism. {

Reverting to the rocks found in this report ares, ¢ precisely
ssilar origin must ts enviciged. The parent rocks might possibly have
tean one of the foliswing:-

1. dolomitic limestones, calcarecus and magnesian
shales and tuffs.

2. basic ignecus rocks (possibly both intrusive and
extrusive)

3. sedimentary rocks influenced by lron, magnesisn
and 1ime-rich effluents derived from ultrabasic
igneous rochs.

With these alternatives in view, an ati:mpt was mide tc
tkonstruct the possible stratigraphic column of the original or pre-
deformational successions., This task, althou,. virtually impossible
t swoomplish successfully without conaiderably more detaiied study
g undertaken, (e.g. on trace element snalysis of the Fasic suites)
“rartheless, could be attempted using other informatlon.
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The method undertaken was to work backwards relying esrentially
o0 8 knowledge of structure, sedimentology and metamorphism together with
the ctharges this last mentioned phenomens inwokes in rocks of various
chemical compositions.

The rocks in the zres, and for that matter in the whole district,
sre tremondously variable in type, texture and composition, but many of
then may often be jrouped in the same genetic category. It is also the
witer's opinion that there are no really complex structures in the
Sstberton Mountain Land comparsble, for sxample, with those occurring
in the Eurcpean Alps. Admittedly come areas are locally far from simple
structurally or otherwise but the broader aspects of the Mountain Land
are soon to comprise a syster of fairly regular synclinal basins separated
by nerrower anticlinal diviar=, The pattern presented in the field,
sithough badly defaced by the passage of time, orogeny and ignecus
wtivity should rot be made more complex than it really is by invoking
sn numerous theorles to describe local variatirns.

1t was vesn earlier how, in the stratigraphica! column, the
rocks were grouped .,

(1) 8, those occurring on the orihern limb of the Lily
syncline
(11) those cccurring 4n the enticlinsl divide south of ‘the

Mpin Southern Fault, and
{111} those occurring on the northern limb of the Eureka

Syncline respectively.

T supposition was made, the.efore, that the rocks from the granite
wntact to the Lily Fault at the base of the Fig-tree Serles formed
part of one depositional "cell", and that the rocks from the fault
withwards and incorporating the Eureks Syncline, formed part or the
wole of a second "cell”.

The Lily Syncline, comprised of conglomerates, quartzites
ud » varfety of basic schists, lles overfolded to the north. A
sction drawn through the central portion of the area would ehow the
wtrrence of several scid or siliceous horizons on both the rorth
ud the sout); side of the main quartzite-conglomerate ridge. Two
Wlewtions could be advanced to explsin the recurrence of these
5.

{1) The torizons on the northerr limb of the syncline may
Bld arouna at depth to reappear on the s::therr. side. This would
* the same time prubably mean that the basic rocks were similarly
idd around in sympathy with the siliceous horizors.
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(2) Taking into account the presence of the Main Southern Fault
thet iruncates the quartzite block of the Lily Syncline in the Noordkasp-
Jos'~ Luck Siding area it may be rossible to extend the fault eastwarde,
slee along the southern portion of the Lily ridoe past Luwrska Siding
ts louw's Creek., This high angie thrust fault can then be called upon
to explaln the repetition of baulc rocks and the acid horizons immediately
wuth of the quartzii. ridge. Figure 7 shows diagramatic sections of
toth possibilities.

The problem immed.ately involved hinges around the diesimilarity
of the Tock types on eithes side of the Lily conglomerate-quartzite ridge.
y 4 wivtion to this probles might possibly bs found ir the facies principal
L of disversal in 2 geosynclingl trough., The rocks may have had s common
| sapoe thus belonging to the seme provirce, but they could differ in
iracter from place to place (Pettijohn, 19%7). Putting this into other
wrds, the rocks might have ¢ markedly different lithological appearsnce
mt shronologically they may nave been of one and the same age.

At this stage o brief generallized palaechistory of the
Barbertorn Mourdtain Land as a whole might be considered before discussing
the move localized history of the Lily Syncline (see Fig. 8).

Briefly it is sssumed that the Onverwacht rocks, cnnsisting of
solonitic limestones, lavas, ete. were initially lsid down on a basement
of granites and gnelsses. Following the Onverwacht period of deposition
there was subsidence in the centre of the basii together with uplift in
places ayourd the edoes.

Erosion took place involving rocks from surrounding formations
together with some granite snd Onverwacht material. Deposition tock
plage in the newly formed deeper portions of the geosyncline and the
Figetree Serles was culminsted by the outpourings of lave and the
dposition . £ tuffaceous grsywsckes,

It must be mentioned here that contorted pebbles of banded
thiert have been found in the Basal Conglomerste of the Miodles System
{elagical Survey, Vissar 19% ), which seems to indicate that the
eka of tho Swaziland System had been folded to some extent bafore

tines.

The final stages inwwlved the deposition of the Hoodies
shts of rogks in the ceniral sectlon of the basin and in other localized
Wy of transgression. Subsequently the Jamestown intrusive rocks
wew indsuted into the various sccessions producing locallzed strustural
vielations
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Finally the Nelspruit Granite intrusion occurred in a series
of pulses continuous on one another. These pulses are reflected in
the deformation history of the sedimentary sequences of the geosyncline.

The Lily Syncline "cell" s plctured as having been a
niogeosyncling on the fringe of the greater basin or basing to the south.
This shallow water depositional environment would be conducive to the
development of dolomites, limestones and orthoquartzites. The acid or
silicecus horizons might also have heen represented by extrusive acid
iava outpourings, followed by further deposilior of dolomite formations.

There was no development of Fig-tree rocks in the miogeosyncline
sxcept in the west between Bar 5 beacon and the New Consort Mine where a
narrow zone of argillaceous sediments and cherts were deposited. This
lstk of Fig-tree deposition was possibly due to elevation of the area by
gradusl updoming from below (see Fig. B). Towards the south and away
from the margins of the basin the deop water flysch or argillaceous
facies attained its greatest development. This zone is almost entirely
¢lastic and the depcsition must have been nearly continuous with only a
few interrwtions during which time bedded cherts were deposited. As
the basin fillay with thousands of fest of shales and graywackes,
subsidence must have taken place probably causing Lurbldity flows of
material around the margins of the ares thus causing considerable
varistions in the composition,

Subsequently the entire ssquence was transgressed by & growp
%! rocks that may be dusignsted molasse. This greup consisted of thick
simstic layors comprised mainly of candstones and shales much coarser
than the fiysch and containing nctable conglomerates. Continued
sibgidence probably took place and the geosyncline was deformed and In
glacas intruded by basic snd ultra-baslc magma,

Subsequent to the major deformatisns the intrusion of the
Belspruit Granites tock place into the margins of the deformed ares,
metamoTphic ef fects from the intrusions produced a contact
Witamws shic aurecle that decreased in intensity swsy from the granites.

It is tharefore possinle, that the grest variastions of basic
¢ siliceous rocks on either side of the Lily Syncline cen be
"plained as having been due tor

(1) original facies variation of uepositinn coupled with
(14) differential metamorphism of the conlact metamorphic
type.
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No great focies variations need be called for to explain the
different rock typss racountered across the Lily Syscline, Investiga-
tors such as Richardson (1947), Tilley (1948) and Turner and Verhoogen
{1567) have shown that rocks ranging in composition from hornblende
saphibolites, tremolite-actinolite amphibolites and talcose schists may
be derived by different grades of contact metamorphism from eithex
dolomitic limestones or basic igneous rocks,

In terms of stratigraphic clessificatlon therefore, the

eariiest rocks to be layed down on the basement of ..rchaean granite-

isses, as sediments or lava flows were thoses belonging to the

vorwacht Series. In the basin there were facies variations sway
from the shoreline and only in the deeper portlons ware Flg-tree
Series rocks deposited. The entire sequence was then transgressed by
Noodies System conglomerates and quartiites and subsequently folded,
At the same time as the folding longitudinal strike faults were developed
and basic and ultrabasic rocks were intruded,

{(2) Intrcducticn

Structural festures found in ths various rock types have been
paptioned esrlier in this report and it is irtended here to discuss the
bverall structure of the ares mapped. An attempt will be made to
malyse the tectonic history of the ares and to place it into the

el structural pattern. The structural terminology used in the
sport is that defined by de Sitter (19%), Welss (1958?3 Ramsay (1958,
2 8 and b, 1963) and Cloos (1947).

() Bedding and Eoliation

Bedding and foliation attitudes in the area are very regular.
The recicnal strike is approximately esst-west and devistions from this
ditecticn sre entirely due to the forceful injectfon of basic intrustves
#nd Jocalized folding. Foliastion in the granites is best develsped in
the tontact zone where the alignment of mica flakes in the plane of
Hlistion is most evident., Northwards away from the contact the granite
Bacones more homogeneous and loses fts folldted character.

X The folistion invarisbly dips south away from the granite
Missif and is followed by an apparently conformsble sedimentary rock
Scession. The granite has possibly undergone an wpward doming
Tsulting in realignment of the constituents along paths of differentiai

14
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No great facies variations need be crlled for to explein the
different rock types encountered across the Lily Syncline., Investiga-
tors suth as Richardson {1947), Tilley (1948) and Turner and Verhoogen
(1960) have shown that rocks ranging in composition from hornblende
sphibolites, tremolite-actinolite amphibolites and talcose schists may
ba derived by different grades of contact metamorphism from either
dolomitic ilmestones or basic igneous rocks.

In terms of stratigraphic classification therefore, the
eariiest rocks to be layed down on the bagement of Archaeon granite-
greisses, as sediments or lava flows were those belonging to the

t Series. In the basin there were facies variatiocns away
from the shoreline and only in the deeper portions were Fig-tree
Series rocks deposited. The entire sequence was then transgressed by
Noudies System conglomerates and quartzites and subsequertly folded,
At the same time as the folding longitudinal strike faults were developed
snd basic and ultrabasic rocks were intruded.

4. SIBICTURAL GEOLOGY
{(2) ZIntredyction

Structural features found in the various rock types have heen
sentioned earlier in this report and it s intended hers to discuss the
overall structure of the sres mapped. An attempt will be made to
sislyse the tectonic history of the ares and to place it into the
mgional structural pattern. The structursl termirology used in the
rg;rz is that defined by de Sitter (19%), Welss (1959?’,' Ramsay (1958,
192 a and b, 1963) and Cloos (1347),

(b) Bedding and Folistion

Bedding end foliation attitudes in the area are very regular.
The reglonal strike is approximately esst-west and deviations from this
direction are entirely due to the forceful injection of bagle intrusives
¥ localized folding, Foliation in the granites is Dest developed in
the comtact zone where the alignment of mica flakes in the plane of
faiistion is most evident., MNorthwards away from the contact the granite
bstomes more homogensous and loses its follated chavacter.

The foliation irvarisbly dips south away from the granite
sassif and is followed by an spparently conformable sedimentary rock
tikcession, The granite has possibly undergone sn upward doming
fomiting in realignment of the constituents along paths of differential

.




- T3 -

The sedimentary successions following on the granites dip
staeply to the south or are slmost verticsl at timeg, The Fig-tree
saquence provides the greatest varistions in the dip directions of
bedding due to the innumerable tight isoclinal folds that occur in
these incompetent banded argillacesus stra.a. Measurements taken in
the fold hinges have 2 varfable spread {see Fig. 1G).

There is in the area, a marked coincidence of schistosity
with primars structures such as bedding and the vertical attitude of
sstarorphic rocks over & considereble area. The over-all symmetry
of the fabric and the parallel alignment of biotite and quartz lensoid
sgoregates suggests that the schistosity has been achieved by compressicn
fsormal to the foliation. Alternatively, the fine-grained laminated
ydiments may have been fulded with the deveiopment of a slaty cleavage
paraliel to the axial planes of the folds. The axial plane cleavage
or schistosity produced 1s due to planar flow of material normal to
compression.

{e) Eolds
(1) Genezal Folding of the Rocks in the Ares

Along the granite contact belt folding car be seen both in
£ granites thomselves and in the adjacemi cortact smphibolite zone.
The late phase granitic, splitic rnd peymatite intrusives were
1a3scted into the anphibolites and 1t the seme time they were foided
together producing similar folds and attendant lineations.

The disturbance alung the contact belt has resulted in
folding, the sxial planes of which dip at angles varying butween 15
d 33 degrees to the south while the fold axes trend roughly east-wust.
Exposures of these folds are seldom clearly soon and in addi¥ion
1o the excellent Kssp River exposure there are a few folds displayed
18 an irrigation furrow cutting on the farm Lovedale.

The basic rock successlons are comparstively free of foldad
structures and the major readjustment in these rocks has taken the form
¢f setamorphism end resligmment of mineral constituents 'n the plune of

stress.

The Moodiey System Tocks have acted as a more rigld competent
Wit, The occurrence within the succession of flsttened, boudinaged
pehbles indicstes that plastic flow distortion, due principally to

in temperature snd a high confining pressure, was probably
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operative in the area. Only locally do less compotent bands occur
but these weaker rocks have rot been appreciably affected dus to the
protection afforced them by their sturdier neightours.

The Fig-tree Series, consisting of alternating narrow
argillacecus bedded units has behaved entirely as an incompetent mass.
Strong compression has resulted in considerable shortening and flattening
of the succession and the formation of tight isoclinal folds. These
folds plunge steeply to the east in the Lily Mine area and plots (Fig. 9)
shew a distinct spread along a great circle. This feature either
isdicates differential compression and a corresponding variation of
sovemerit in the 'a' direction, or 1t could probably represent a super-
imposed folding on an originally uneven surface.

The Onverwacht Series of brittle quartr-sericite schists has
recorded the most numerous minor structursl *estures. These include
wnjugate folds, crenulation folds and eccordion folds and will be dealt
vith shortly.

The Lily Syncline is the major structural feature of the area
and consists of a massive isoclinally folded syncline the southern limh
4 of shich 1s overfolded to the north., The syncline is best seen near
§  Lw's Creek (see Plate 1) while in the central portion of ths area the
strcture is that of a closed ‘old, To the west the structure is most
distarbed by the intrusion of serpentinites and the quartzites near the
Bar 5 beacon dip at shallow angles to the southeast forming a gently
@ wrped or basineshaped structure with an axial trace direction roughly
‘4 rsilel to the fold axial plane of the great Eureks Syncliral Inflection.

The approximately east-west trending Lily Syncline bends to the
mrihwest near Eureka Siding and then only reverts back to the regular
trend of the formstion in the Joe's Luck Siding srea.

(11) Minex Folds
1. Gonluaate Folds

Typical conjugate folds occur in the brittle larinated rocks
o thy Onverwecht Series. In addition to thess, several were moted in
w38 of the silicified shale horizons of the Lily Syncline north of
$iding and in the contact ampl.ibolite schists near Honeybird
sm- Plate 25 indicates the approximete size of a conjugate fold .
ia brittle banded ferruginous cherts of the Fig-tree Series found to
% west of the Lily Mine. The competent layers of chert have broken
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wqu};rly in the hinges of the folds and the rock is partially
precciateds The incompetent {ntercalated shale has suffered flow
faiding and is roughly conformable with the competent units. The
conjugate fold systems are ugeful in Jdetermining the maximum compression
sirection 1n addition the other forces {rvolved in the deformation of
the Tegion {Ramsay » 1962a). Plots of data derived from several of
these folds throughout the area indicaved thst the maximum compressive
forces weTe vertical Y nearly vertical {gee Fig. 13) during the final
ohass of geformation.

2. Grenulakien Folds

These folds are 2lso developed ptlncipally in the brittle
rocks of the Moodies arud Onverwacht successions. Irwvariably the folds
dapley only one shea¥ direction (see Plate 11) but folds ith
wrirontal or near horizontal axial planes do aCeur . Frequently the
closely parallel axial planes of the crenulation £0las produce 2
1inestion. The folds may have their axial planes parallel to one of
.0 conjugate shear directions oF they may have axial planes parpendi=
cular to the P maximum stress that produces conjugate folds. Flots
{sse Fig. 13) of the axial plane sttitude coincior proximately with
the P maximus stiess field tndicated by the conjugate folds in the
sam diagram. The crenulation folds are especially well developed

{n the exposures in the road cutt ing or. the farm Grystal Strear and

in the rocks to the rorth of the Lily Mine (see Plate 10). They are
appentially small scale structres generally measrable in pillimeteTs
st continsters.

2. gimilax Folds

Algost all the remaining folds found 1n the mres are similar
or ¢l folds and these are mostly of an ysoclinal nature (€711
Patar 24). They are exsentially confined to the Laminated Fig-tree
socks but are locally developed in sowe of the Moodies rocks of the
Wy Syncline. The folding hag produced a combined shortening and
figttening of 62.5 pel cent in the successions of the Lily Mire (soe
Strwture of the Mine).

Commonly the {aocliinal folds show tension jointingd in the
Mnges and shear joints oF the flanks, Parasitic folding in the
wregty of folds from e Woodies Systen ware seen nearl Eureka 5iding
Tenslon cracks in the fold laye-s have been pastly of wholly replaced
by quartz snd appoat 0 be boudinaged (see Piste 248).
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The axial planes of the isoclinal folde in the area are all
steeply dipping cr vertical suggesting that a strong torizontal
wneressive stress field was responsible for the fold forastion.  Large
q;utudes and narrow wave lsngths are encountered in the Lily Mine but
flding on a larger scale is responsible for localized -disturbance in
the railway cutting to the southwest of the Scotia Talc Mine, Here the
onverwacht and Fig-tree successions are tightly folded with the axial
plares dipping at aperoximately BO degrees to the northeast. The folds
slange to the southeast at spproximately 30 degrees. The fold axial
trace 1galn trends northwest - southeast i.e. similar to the Eureka
Syclinal axial trace. Also included within this broad fold are
mmerous minor folds of the crenulation and conjugate type.

(4) Lineations

In the area mapped there are two main types of lineation. The
first are those lineatlons produced by folding on a microscoplc scale.
this variety is menifest in the brittle quartz-sericite s.hists of che
omeerwacht Series. As hay previously been mentloned the crenulstion
foids have almost horizontally inclined axial planes. Thess folds
srodice & lineation thet plungs to the west av angles seldom greater
than 10 degrees [see Fig. i3). The second type of lineation is caused
% the elongation of fiagments such as individual grains, groups of
wains and small inclusions. On a slightly larger scale slongated
sebbles also result in a linear symmetry. Liveations of this second
tpa are the more frequently oncountered variety and occur in
srmtically all the rock sueces lons,

To the rortheast of .ureks Siding well developed lineations
®o in the sheared ouartz-soricite schist horizons (see Plate 26).
Vimtsioeml orientation of eolongated fabric elements, in this instance,
arts fragments and quartz 'nests’ produce an alignment of differen~
tlslly weathered constituents. On weathered faces the clear linear
fibrie is seen to plunge to the west at angles varying betwsen X and
* degrees (sie F_g. 19). These linsations show an Interesting
mlstionship with the {rirusive granites. Plste 27 irdicates that the
@anits post-dates the formation of the lineations as no tinear fabric
has bren transmitted to Jhe intrusive vein.

In the Sheba Siding srea outcrops of the Basal Conglomerate
o thy Bureka Syncline display elongated nebbles that also produce a
Umation, The cobbles have been flattersd in the bedding plane and
ot plongated in the ‘a’ divecticn and plunge aimost vertically (see
g 18}, The conglomerave pebbles of the Lily Sync’ine are alen
sttongd and associsted with the cleavage but there is seldom any
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gvelopment of a lineation except in 1isnlated instarces, for example,
wrth of the Scotia Talc Mine where they plunpe to the southeast,

In the Lily Mine individusl smphibole and chlerite crystals are
sligned with their long axos et rignt angles to the greatest deformative
forces. They are elongated in the plane of the bedding but are not
Mwsys aligned in the third dimens‘on and, therefcre, can only be
segarded as producing a planar fabric and mt 2 linestion,

The lineations northeast of Eureka 514ing and the flattened
pebbles at Sheba Siding are probably related to the same process that
produced the fulding in the Lily Mine. In Figure 15, it can be seen
that plots of all three parameters lie on a great circle and have a
fairly wide spread probably indicative of suprrposition on an ‘rregular
surface. The great circle that these points fali on is col fent with
the axial plane cleavage, schistosity and bedding throughcut ..e area.

Further lir:atiuns occur along the Contact Belt {see Plates 28
ad 29). On the farms Perl, Lovedale and Naude's Rust they are manifist
in the granites but are confined to the immediate contact. They are
utirely absent less than a quarter of a mile to the north, The lineations
et ocour in the atove-mertioned area are best seen, however, in the
instructive cutting in the Kaap .ver ai Honeybird. All these lineations
slunge to the southwest (Fig. 14}, owars the west near the Bar 5
§ teacon strongly developed lineations occur in the sheared intrusive
1 orunites and in the neighbouring quartz-sericite schist horizons. These
1 rluige to the southesst as do the occurrences in the adjacent Joa's Luck

$iding granites and hornfelses (Fig. 14).

In these bodies along the granits margine the parallel surfaces
wre determined by alignment of individual crystals of mica, hornblende
§ wd sther alongsted inclusions or aggre stes,

| Plots »f the lineations from the two soparate localities along
J e contact iiffer considerably in plunge direction but nevertheless,

A forn two maxims. These concentrations are seen to lie on the axial

§ slow of the late phase contact granite folding (see Fig. 14). It would,
therefore, appear logical that the formstion of the linear fabric and the
flding along the contact were conterporanesus.

(o) Taformed Conglomerate Pelbies

Tws; lo~alities exist where besal conglomerates of the #oodies
Spston are flattoned and defo.med, The first of these is the Lily
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Syncline where a great thickness of the formation is conposed of
wonglomerates and quartzites, The second locality occurs to the south
of the Lily Synciine and comprises the basal conglomerae of the Eureka
syncline., The basal conglomerate forms the lowermost unit of the
Moodies Systom.

The conglomerates in the Lily Syncline have acyuired, in
sddition to the flattening, a foliation, due to the “drajging out" of
the pebbles into elongated, as well as boudinaged forms.

The components are tightly cemented together anc few
individusl pebbles can be extracted without them breaking. It was
thus impossible to acquire sny specimens for the purpose of ctudying
the extent of deformation.

The second occurrence is entirely different, in that the
pebbles are contained in a less compact, more friable matrix of impure
shale and quartzite, wiih the result that on westhered surfices peblles
say be fairly easily freec, However, owing to their extremely
fractured nature, only a few are unbroken on removal.

The pebbles exposed in the road cuttings near Sheba 51 'ing
vary considerably in size and shape {see Plates 30 and 31). They
consist of a great sariety of rock types (see Noodles 3ystem). ‘ost
waon are pebbles of chert. It was roted that different rock types
ahibited different amounts of deformation.

The chert pebbles are most extensively eiongated ard flattened
while gr ~ftic and quartzitic pebbles retalyn a more rounded shape. The
posures are extrsmely weathersd snd the granitic pebbles were
wwrally ne decompogad to extract from the conglunnrate.

The pebbles are aligned with their long axes (A ..s}
slunging nearly vertical. The 'sb' planes of the pebb’ s 'Te
pirsilel to the plane of the bedding. 28 representative s formed
thert pebbles were obtained from the tutting and the meas rerents
of thalr me__r (A), .ntermediste (B) and miror {C) axes were not.i.

Unde formed basal conglomerates of the Moodies Sysfem occur
o the Barberton Shia-lo-Ngubu Dam road and numerous pebbles from
this horizsn were sbtained by M. J. Viljoen and the writer, for tne
wlpose of comparing them with the defo.med pebbles. The pebbles
willepted consisted of cherts, banded cherts, graywackes, quartzites
W granites,
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A graph was drawn with the & » Boand A ¢ C ratios plotted for
the combinations of

(1) chert ard banded chert
(11} quartzite, graywackes and granite.

The mean ratio A t+ B 1 C for undeformed chert pebbles was found to be
514 13, while the ratio for the graniteg and gquartzites wos found
to be 5 14 4 3.5 (gee Fig, 16),

A gecond graph was constructed and the A 1 B and A 1 C ra‘ias
3f the deformed chorts were plotted, Here the mean ratio % 5 3 o 1.2
was oblained (see Fig, 17), Using these results the percantages of
‘ deformation in the A, B ana C directions for the cherts were calculated.
‘ The assumption ts made that the pebbles in a conglomerate are not
ssherical since mon-distorted pebbles  are {nvariably triaxisl
ellipsoids, The values for A, B and C werc caiculated us}ng the
formula for 2 unit ellipsotd {(Jolume of eiilpsoid =

i

3
1 by first substituting the ratio for the deformed and then the
§ undeformed chert pebbles,

ﬂg_{g:-u The actual formula for calculating the volume of an

ellipsoid is 3 Ty whers o, b and & vepresent the holfeaxes of

" the unit ellipsold. By using the values Ay B and C obtained from the

geaphs, the problem is in no way affected as ratios are inwilved, The
!i ABL

talculstions using the formula 3 " would morely necessitate

the halving of the valucs for A, B and C. The ultimate snswors in
percentages remain unaffected.

Exanpler A 1B, 1C. = 513 ;1.2 (deformed)

25
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iMg17) Oraph showing the
relationships between the
& B, and C axes of doformed
tonglomerate pebbles froum
Shsba Stding.

(Flg,’ﬁ} Crapl. showing
the relationshipe hetween
the A,B, and ¢ axes of
undeformed conglomerate
pebblea,
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sinilarly for By and Cy

] Fsr the undeformed pebbles A ¢ BiC = 5 413

i, A v [~
Yy ’5/4‘ /e "4/13‘ I “3/5

w0 = é.:’f.%;ﬁ.&.a

4FA x 4h x 34
] o = 3 ) ¥
“‘ 3 rmen
| A =
m%’
| A = 368

snd simiisrly for B and C.

B T percentage deformation in A, B and C directions was then caloulsted
! sing the relationships?

- . - 100
Ai :xm() ?_\ BP:\ilCDC [OU 4




A = 43,2 representing an extensive incranse of 49.2%.

1o the same way valves for B and ¢ wers calzulatod. The values
for the cherts [rox Theba Siding were thus:-

L. for A oan increase of 49,2 per caont,
%, for B oar incyease of 12.25 per cont.
5. fer 0 s decresse of 40.03 per cant.

These rtosulls ol Ve yary o lnsely to those obt .ned by
#, Viljoen (porsonal communica 1 fer the deformed conglomorates

between Joeo's Luck Siding nrd Noordk sz .

Pamscy (1963) found the sriantatisns of undeformed pebbles o
be in the plane of the beddira. He also moted that the deformed pubbles
weth of the Kaap River nhad a preferred llnear orientation within the
plane of slaty cleavage resultant from intense tectonte elongation over-
printed on *he {nitial sedimentary fabric, The Sheba Siding conglomeT -
ates were found to iie with the t long &4es parallel to the ¢leavagi-
sedding plane which in thig case was coincident.

1t is, therefore, possible to show rom the formula '_‘,}.._:._t\. x 100,
&

Ay = Jong axis of deformed pabbles and

L.

¢ .7 = long axis of undeformed pehbles,

that the values above represent an absolute minimuan valua of the parcentage
Ay = A

detormation ber-use the ratio 'Jr—‘- would increase should the value A

tond towards C, the shortest axls of the pebblas.

1n scdition to the flattening, certaln petbles indicate further
disturbanco subsequent to the finttening doformation and some of the
lsrger pebbles especinlly, exhibit 2 s ightly twisted or buckled 'ah' plane
{yoe Plates 32 avd 33}, The long axes of the pobbles $a the Sheba Siding
titting were found to plunge steeply 1 the plane sf the bedding and
studveed 8 lireation (see Fig, 15). Also shown in the figure is the plane .
of budding.  The maximum siress direction 'cf, colncides with the bedding
wlus,







(f) Eaults

Faulting is not wery evident in the ares 3nd only minor
dislocations ocour that are associated with the folding or tho
intrusions, Mention has boen made, both in the sections on tre Lily
Mine and the Economic Geology, of the proposed addition to the existing
geological map of the areas, of 2 further longitudinal thrust fault, viz.
the Lily Fault. Reasons for assuming the presencs of this fault are
sleo given and it wes mentioned how such a fault would fit into the
existing pattern of fao.ting in the Barberton Mountain Land.

There is some fleld evidence to support the ides of a fault
imediately nouth of the quartzitewonglomerate hori-on of the Lily
Syncline.  Much of the area is, however, obscurad due to masking by
serev falling benk and covering the critical zone. The quartzitic
tocks of the Lily Syncline are freguently mylonitic along the contact
with the basic rocks. Mentiorn has been made by de Sitter (19%) of
thick mylenitic zunes near or adjacent te thrust faults. The proposed
fault {n the area mapped would be conformable with the southern limb of
the syncline.

The argwmert in favour of the presinca of the faull has been
strongthenad by the werk done :n the adjacent saction of the Lily
Syncline betwuen Noordk:ap and Joe's Luck Siding. Here Viljcen
{verbal communication) mapped a strong fault {the Main Southorn Fault)
that truncates the quartzite block of the westorn extremity of the Lily
Syncline. The fault trace was found to be fillsd with vein quartz.

In addition the seguences to the south c¢f the fsul% were found to be &
complete repetition of the stratigraphy as it occurs to the aerth of the
qusrtzites, The fault is considered to be a high angle longitudinal
thrust fault withn the underlying successions upthrown to the south.

The presence of the fault provides the most suitable
sxplanation of tre stratigraphical pleture presented in the field,

| The occurrence of intrusive serpentinite in the areas to the
rortheast and northwest of Eurcka $iding may reprezent intruelve
todies emplaced rlong the zone of faulting.

Graded bedding in the shales and graywackes of the Fig-tree
Sorley was of use in doteraining the direction of younging from the
bagle schists but it coule not be used sleoshore.

Figure 7 indicates, ding ammaticully, sectlons through the
e, The relationship of the faults to the synclines and anticlinal
divide are also illustrated.




(9) Qthex Structures

Additional structures in the area nre ecssentially of a localized

nsture and wire produced contemporanecusly together with the major
structures. The folding is practically all of a cleavage or similar

type where compression has been the maximum deformative force,
msociated with these folds are boudinaged structures on the flanks that
are produced by the extension and breaking up of the more com.atent unit
layers- Minor parasitic folding is concentrated in the cretts of the

1arger folds. Typlcally these small scale structures are W o1 M shaped

{n the hinge itself wnile on the fold limbs they are Z or § shapod,
structures of this type were noted both in the Lily Mine and in the

Kaap River cutting.

From both field observations and thin section study it is
certain that there has been a considerable amount of flattening and

shearing with the resultant formation of a strong schistosity that has
¢ fuirly uniform regional trend. Recrystallization in the form of
aeas takes place in the cleavage planas,
manifust when fine bodding is totally obliterated by recrystullization

of quartz ea we.! as mica. The strong recrystallization in the

Advanced schistosity iv

wphiibolite zones is sestly due to thermal acilon resultant from

sagmatic activity. The texture of the rock however, is prubably due
ts dynamic forces. The defcrmed fabrics are dominated by a schiutosity
#ich is more readily correlated with compression normal to, rather than

with shear parallel to the schistosity plane.

Plates 6 and 7 show compositional banding of the schists in

the contact amphibolite zone and the developrant of boudins,

Jointing, mentlonad eisewhere in this report, is frequently
wen snd has a constant direction over most of the area,

that the joints favour a trend at right angles to the granite cortact

wd ore especially manifest in most of the rigid rocks.

The joints

my be reyarded as 'a-c' tension Joinle indicating that the general
#tress mecessary for their formation probably came from the direction

of the granites. The stress producing many of the joints was rot the

um as that respon~ible for th. follation as joint pianes cut the
folistion and even act 8> small fractures alono which there has been

wvement (see Plate 4).

The jointing, cr at
i¥ost events 'n the area as it is seen

teast some of it, was probably one of the
in all formations and in the

ive dykes. Two or even threv directions of jeinting may some-

tmes be seen in the same outcrop (see Plate 5).

Often

It was shown
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Along the !ntrusive contsct there is a prevalence of
ptygmatic structures and contorted granitic and pegmatitic veins. They
sre genarally seen meandering about the dark contact amphibolitic
schi.is.  The ptygmas appear to be independent of the texture of the
wgt~rock and although the velns appear o be folded about axial planes
that are consistent and regularly aligned, the amphibole schistosity
srems unaffected exrept around the margins of the ptygma itself {see
Tiates 34 and 3%).  de Sitter {1956) attributes the vause of this
pesuiiarity to the different reaction in the stress field of vein and
host rock materialy each possessing differing physical properties.

{h) Bealonal Stzucture Effects on the Mineral lecaliraticn

Betwoen Shera Siding and Louw's Creek it is belleved that the
@ld aineralization was introduced along the Iily Fault zone
hydrothermal solutions associated with the Nelspruit Granite ‘ntrusion.
A look at the reglonal map indicates that the geologicai « "~erslons in
the area are fairly regular and thal no apparent controlling “sctors are
svident o explain the localization of the gold into worksble ore
deposits such as thuse of the Lily and Rose's Fortune Mines.

Prospecting hrs taken place in a westerly directicn from the
Lily Mire and two other smail but very erratic occurrences have in the
past been mined on tne farms Avoca and Crystal Stream east of Eureka
Sidtug, These deposits slwo occur in apparently regular formetions
wd an explanation of their whereabouts is not caey to dxplain. A
turther d1fficulty involved is that the mineralized fault zone occurs
In & yallay where outcrops are far from ideal for the attainment of
deta ralating to the deposits.

All that can be attempted in an explanation is to point out
artain "localized disturbances” that may escape attention on the
y "legical and structural maps accompanying this report. The largest
of +:.089 80 called "disturbances” occurs immediately north of the iLily
dins where the quartzite-conglomerate horizon has a slight inflection,
Twre {5 a marked difference in bedding orientatisn over a short
Hstance within the inflocted zone and the strike alters from E.N.E.
v HNE .

It is not unlikely that the effect of the gentle warping
AgHt nave been transmitted through the wjscent rocks to the south
wd inkn the Fig-tree rocks in the mine ares, The brittle quartz-
“{r @ schist horizon north of the mine also displays uimnr obligue
. ting that may be reiated to the disturbance. The small fault
wag {s quartr filled but thore i1 no ovidence of any displscement of
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the formations. The exact s:fect such a small disturbance as outlined
above would have on the provision of suitable loci for mineral concenw
tration is aifficult to imagine, but it is likely to have contribuied

4 or assisted in the rearrangement and di:location of the formations,
thys making them more acceptable to subse. "0 depos tion and concentra=
tion of ore forming flulds.

It may simply be coincidencs put the fact remaiis that each
of the ex%sloit\)d deposits to date are located immedlately south of
features (howevar slight they may be) seen in the roctks north of the
Fig-tree succession,

North of the Rose's Fortune Mine the Onverwacht sequence of
quartzesericite schists breches into two separate units with basic schists
fiiling the wedge between the two limbs, Mo evidence to explain this
split coulc be found, but the stru. ture may represent the anticlinal
divide between the Lily Syncline and the furnations to the south.

A further example of gold deposits accompanied by 8
corresponding irregularity in the northerly formatlons can be .een
st of Eureks Siding. Here the Lily Syncline is gently buckled in
@ great arcuate shape convex to the successiuns in the south ()
Plate 3). The Lily Syncline and the Eureka Synciine are searest
ts one another in this aes and the lntervening Onverwacht and Flg-tree
rocks are narTowest along this compressed zone., The old workings of
the Mexican and Cleopatra Mines occur in this locality,

(1) Isctends History

It is clear from earlier menticned structures that there ure
svers] varicties and styles of deformation existent in the area. in
the New Consort Mine - Joe's Luck 5iding area these structures sre well
developed and were first investigated by Ramsay (1963) who was able to
wognize three phases of deformation. {ater M, Viljoen's investiga-
tiong led him %o believe that four perlods of deformation ia fact,
wisted in this area.

Althsugh occurring sdjacent to this exceptionally tectonized
10e the Shebs Siding - Louw's Creek area is comparatively dewoid of
structural parameters. The writer who worked in close collaboration
nth M, Viljoen was able to racognize certain style siwilarities 'n
the minor structures that were common to both regions mapged. It is
largely with these similarities in mind that aa attempt was made to
trrelate the structural events.
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It is generally accepted by most geclogists who have examined
e structure of the Barberton Mountain Land, that the regional trend
of the Precambrian formations in the area was initiated by the first

g disstrophic event.

(1) Fiist Prase

The first stage of deformation was resporsible for the
development of the majer synclines that trend in a northeast-southwest
direction, the compression being directed from the morthwest and south-
wst. The major high angle longitudinal thrust taults are thought by
Rimsay (1963) to be coincident with the first perlod of folding., The
ily Syncline is consldered to have originated during this perlod.
fmsay (1963) mentioned the difficulty of reccgnizing the structures
on the morthern side of the Eureka Synciine. He believed however, that
tw large first folds existed there, These are the Woodstock Anticline
wd 8 syncline which he *hought might possibly be the continuation of
the Lily Syncline.

As the principal stress direction was operative at right
ugiss to the regional trend, the geclogical successjons in the area
aderwent considerable folding, shortening and flattening.

The first phase cannot directly be seen in the area
lvestigated but it ray be assumed or deduced from the spread on a great
tizcle of parameters belonging to the second phass. This spread
{rdicates that irregular surfaces existed before the strong development
of 3 clem age, schiztosity, flattening and metamor hism. The Lily
fwit snd the Main Southern Fsult among others - an probably be
mocisted with tho first folding., It {s also considered likely that
the basic and ultrabatic tocks 1. che area wers emsls .d esrly in the
wsynclinel tectonic history of the Mouriain land.  Many large basic
tndisg often occur as masses or sheets cnncrrdant w.th the struclure
o the enclosing strongly folded reck..  In & few inctances the basic
meks sre kreem to intrude Lrte tic v o iy System Tocks, bul cTogs-
titting welationenips orc asrerally o - i, The ulirstastc rocks
%y have been squeezed up o1ong majer cisle.-rina developed in the
Wevneling) busement during the onset of folding as pici aed by
o, Bongon o Howd gqusted tn Turner and Verhoogen, 1960)

(24} Secand Phoaw

The second stage ¢f de‘ormation involved compression from an
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ximate NNW - u5F direction. The tight fold.ng of the Lily Syncline
ad Fig-tree Series, Initisted in the first stage, was intensified. Tue
corpression was probebly responsible for differential varistior of
wvement in the 's' dire:tion of the isorlinil folds in the Lily Mine and
adjscent Fig-tree rocks

Lineations w're produced ear’y on in the quertz-sericite schis's
wrth uf Eureka Sidinc and a strong frliscion and schistosity in the
#rmations was initliated by the dynamic influences.

Ramsay {193) attributed the numerous fabrice leveloped over the
wole area as largoly resulting from strain suffered Ly the rrcxs during
the second phuse «f deformation. He showed reglonally that this second
phase produced a slaty cleavage that cvoss-cut the first formed folds and
was best seen in the Eurcka and Ulundi Synclines.

Within the area discussed in this rerort indications of this
thase are seen in the elongation and orientstion of the long axes of the
conglomerate pebbles at Sheba Siding, The pebbles are flattened in the
plane of the bedding and produce a lineation that plungas steeply (see
Fig. 13). Ramsay noted similar deformed and linear orientated pebbies
sauth of the Kaap River, west of Joe's Luck Siding.

Although cleavage is apparently absent it is likely to be
ctalned vAthin the bedding planes, The diffe.ential shearing of the
strata in the Lily Mine is coincident with bedding plane cleavage (see
Plate 14), It has also been shown earlier (Fig. 15) how it is
tongidared that the folding in the Lily Mine, the lineations north of
EW?!! Siding and the pebble linnations st Sheba Siding are inter-
selated,

Ramsay 2150 postulates the introdw tion at thls gstage of the

lelspruit Granite intrusion and the main period of mineralization. He

strong structural conformity between the slaty cleavage in the
umtamrphosed sediments, the schistosity of the phyllitic rocks and
wn within the granites themselves. Well developed tectonic
strustures probably developed while the granite was crystasllizing,
Events are thought to have been broadiy synchronous during the second

deformat ion because there is evidence north of Eureks Siding of
i granite or splitic vein cross-cutting and, therefove, post-dating
e lineations 1 the quartz-sericite schist horlzon. The lineatinns
pbably formed early on in the history of the granite emplacement
d the vein seen in the quartz-sericite schist very likely represents
¢ late phase intrusive. A further late phase evant is probably
mnifest  in the folding of the granites along the contest.




- 88 .

This folding, clearly seen in the Kaap Rives cutting was
reggonsible tor the production of lineations that appear (o be confined
solely o the convuct zone. The folding, of a similar type, is thaught
t3 have been produced 1n the granites ano amphibolites while the
intresives were in a semi-plastic state.

The intrusion of the Nelspruit Granite was responsible for the
podue’ ion of the metamorphic fabrics in the adjacent formations. The
intens ity of the thermal aurecle decreases away from the granite contact,

In the Lily Mine “he aligmment of individual amphibole crystals
wss partly developed by dynamic metamorphism and [lattening due to
wapression and partly due to thermal metamoTphism assoclated with the
fntroduction of the hydrothermsl mineralizing solutions.

(111) Ihird Phase

The major svent in the Mountain Land during this stage was the
gert inflection of the Eureka and Ulundi Synclines. Ramsay 1963)
fsund slaty cleavage and schistosity folded by large and small scal2
folds. The compressive stresses were found to be at right angles to
the earlier deformations viz. from the northeast : .1 couthwest. The
Lily Syncline was probably inwolved in a swing from M - SW to an
wproximste esst-west direction.

1n addition to the major Ffolding it is likely that the folding
of the area northwest of Scotia Talc Mine can be related to the same
pertod of disturbanse although it should also be borne in mind that the
introduction aariier of the basic intrusive mass probably had the
weatest influence In the local deformation of the region.

{1v) Eauzih Phasg

Ramsay (1963) considered that the development of conjugate
foldy was synchronous with the formation of the ascuate structure of the
Bureka and Ulundi Synclines. He was however, mot emphatic about this
s guggested that they may post-date the 3rd Phase and be relat.d to a

period of deformation. Subsequent to wamsay's worx several
ityystigators have mentloned the occurrence st conjugate folds preducing
wallar stress directions. The conjugate folds were oted rrom widely
Wparated areas throughout the Mountain Land and 1t would appear that
“"Itﬂpﬂuﬂt a phase suosequent to that af {he third deformatlon.











































































































































