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The discovery of diamonds in 1933 close to the town of Swariruggens in the Hestern
Transvaal, South Africa, led to the lecation of a swarm of dykes, some of which yielded
many diamonds while others were found to be barren. In the past, atthough some authors
{e.g. Smith et, al., 1379) have recognise i penrnqrawhwr differences, all fhe dykes have
been cTassitied azs wimberlites. .In this “iuny, detaiied potrographic examination of
five dykes, supported by ﬂyn@rai éh?m1bryy and whole rock geochemistry, clearly demon-
strates thaf the barren dykes (Male and Fem ) are lamprophyres rather than kimber-
Tites (Main, Changehouse and Hormal). I b/ba agﬁ determinations by Al1sopp A Kramers
(1978) indicate a similar age of 150 » 3 m.y. for the Main and lale dyXes, nowever,
ggeld ¥e?auionshlps and petrographic evidence clearly show the Main to be. oncr than

e Male. ,

The kimberlztes are all phlogopite types (Modal Ana1y§¢u, Table 1), but considersble
variation in texture, degree of alteration and proportions of constituents are apparent
in. specimens cu?!ecteo from different dykes and from different parts (horizontally and
vertically) of the same dykes. Besides phlogopite, « other primary constituents inciude
olivine (complately altered and partly replaced), anthophyllite (mostly altered}, apa-
tite, diopside, monticellite {7, mustly altered), spinels, caicite and serpentine.
Several garnets and small, altered and corroded peridnuitxc xenoliths were encountered
in some of the thin sections examined.

The lamprophyres consist essentially of variable proportions of aliered olivine, diop-
sida, phlogopite, altered leucite{?), nepheline, sanidine and zeolite which is probably
ostly sacondary after napheiine. Also present are lesser amounts of calcite, dolomite,
spinels, apatite and a variety of secondary minerals, including: pyrite, baryte

quartz, chlorite, serpentine and other altaration products after nepheline and Janwuwne,
Like the k1mner21taa, textural and cc npositicnal variations are also apparent in speci-

mens of ?amprophyre collected from different parts of the same dvkes,

Textural and UONQOQTLTUH3§ variations result from a combination of flowage differentia-
tion and differences in cooling rates across the widths of dvkes.~ The former resuits

in the separation of ma;rorvysis away from dyke margins in the case of the kimberlites
as well as the development of foliation texiures on macroscopic and microscepic scales
in both the kimbertites and lamprophyres. The major textural and rumpvq1twbnai differen-

ces, howevar, appear to be relat ted to L&mperatur differences across the widths of dyke

In the case of the kimberlites, within contact zones, macrocrysts are rare and the
texture is essentially microporphyiiticl grain boundaries of most minerals are idig-
morphics small, euhedral, altered olivine crystals are comnon and often occur as
aggregates of several grains; diopside and aﬂihﬁrhvl7ite are relativaly more abundant
and Tess severely altersd; and phlogopite ocours in a variety of modes, including an
ultrafine- -grained (glassy in parts) groundwass generation. Within the central zones

in hand specimen, maurpwcrphyrxtxg taxtures are svident with larger (up to 10 mm) an-
hedral grains of phiogo par@ and altered olivine set in a finer-grained matrix. This
matrix has an equigranular texiure resulting from the occurrence of abundant, more-or-
tess even-sized, (z 0,15 »n) grains of mainly phicgopite.

In the case of the lamprophyres, within contact zones, although manor alogical banding
and grain-size variations due to Tlow, are locally evident, the main tvxture hoth
macroscopically and microscopically, is essentially pmr'hvr1¢1uﬁ Altered @uc:te, trans
Tucent spinel and veinlets, containing naphn11ﬁe, sanidine and ie011Tn§, are part1cv}ar
abundant in these parts. Altered olivine grains which are up to 3 mm in size and
commonly occur as aggregates of several C?VSta]a, are e mar<dh1y euhedral, but some
hopper crystals a}so occur,  Besides olivines, ethur gonstituents tend to be Ver tfina~
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grained and, microscopically, cannot be easily distinguished from one %nother. To-
wards the centre of the dykes, grain-size gradually increases and slivine crystals,
which Tend to be subhedral, reach up to 6 s in size. No hopper olivines were sean
and anhedral macrocrysts do not occur. The dominant texture of cantrally Tocated
specimens s sub-ophitic with many altered olivine and diopside crystals being partly,
and in some instances, completely enclosed by phlogopite Jaths, All these minerals
are set in a groundmass interpreted as originally consisting of either nepha?gna or
teucite or both. Some specimens contain oblate spheroids (up to « 6 mn) and irragular
segregations (up to & 20 wm) which are aligned in the direction of ??ow @nd which con-
sist mainly of the last minerals to have crystallised, including: sanidine, nepheline
and zeolite plus alteration products ofF these mingrals, '

- Two variations of the Main Fissure (the'Blue’ and Brown” types) are locally recognised,
The ‘Blue’ Main and the Normal Fissures are extensively altered and contain abundant
chiorite {after phlogopite} plus introduced quartz and calcite, Compared to the
Changehouse and Normal dykes, the Main Fissure contains less diopside and, in parts,
more calcite, spinals and apatite. The Female dyke Js generally finer-grained than
the Male Fissure. '
In the kimberlitas, olivine is altered to a variety of products inciuding tale,
serpentine, caleite, clay minerals, quartz, baryte, magnetite, pyrite and millerite(?).
In the lamprophyras, olivipe alteration products are mainly serpentine and clay wminerals
Extensive replacement of altered plivine by phlogopite is evident in the Kimberlites.

- The Tow proportiens of olivine, compared with kimberlites elsewhere, is partly ex-
plained by this phenomenon.

Phlogopite occurs in a variety of modes in the kimberlites, including anhedral macro-
crysts {up.to »10 mm), euhedral to subhedral crystals of variable size, as microlitas
and possible mica-glass, as constituants of mica xenoliths, and Jastly as a secondary
generation after oiiving, diopside and garnet. In the lamprophyres phlogopite crystals
are all perfectly euhedral and range in size from up to 1 mm to wuch less than 0,05 mm.
Larger grains poikiliticaliy enciose earlier crystallizing minerals. In the kimber-
Tites, phlogopite alteration is highly variable and apparently inconsistent. Within

‘a single thin-section diffarent grains may exhibit green (chlorite) and dark brown(F)

- streaks, 'blebs' and 'rones® located not only within the cores of grains but also at
grain margins and as one or more randomly oriented patches. Some grains, especially
those surrounding large otivine pseudomorphs, are ‘bleached' of all colour. Most
relatively frash grains exhibit normal pieochroism but reversed pleschroie, darker.
rims are almost ubiquitous in cuhedral and subhedral crystals. Lamprophyre phiogo~
pites are darker brown than the kimherlite pnlogopite and most are distinctly unaltered.
A few grains are partly chloritized. Darker brown margins are ubiguitous, .but unlike
thetkimbePIite phiogopitas these margins exhibit normal plecchroism as do the grain
centres. . ,

In the kimberlites, diopside occurs as larger (up to 0,7 sm) corroded grains and as
smaller, euhedral crystals and crystal agoregates. In the lamprophyres, diopside is
considerably more abundant and occuvsas euhedral prisms of varigble size. Acicular
laths (gaperally <1,0 x 0,05 mm) are conspicuous in coarser-grained specimens.

&
1

Mineralogically the most unususl feature of these kimberlites compared with others,
is the presence of ralatively abundant (up to 12 volume %) anthophyllite. It occurs
mainly as altered, elongate laths generally less than 1 mm x 0,1 mw in size. Rare,
fresh relicts are, however, present and these exhibit optical properties indicative
of anthophyllite, :

Primary phlogopites of different generations have been analysed from all five dykes

and representative analyses are given in Table 2. The phiogopite from the lamprophyres

have higher T.L0, and (n,0, contents and have lower Mg/Mg+Fe ratios (Figure 1). The -

lampropiiyre phlogopites have variahle Mg/Ma+Fe ratios, but fairly constant TL0, contents
large proportion of the phiogopite from the three kimberlite dykes have similar com-

positions with approximately 1,5 wt.%. 740, and & Mg/Mg+Fe ratio of 0,91. It can be

seen from Figure 1 that some phlogopites are richer in Fed and form a scatter away from
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the main cluste Tﬁesa are ma1n]y small g grounduass laths from the fhaanhOUfm and
a few from bhe M Fissure. Othar analyss &s with higher Fe0 contents are considared
to represent alte *ed phlogopite.

Representative analyses of clinopyroxenes from the five dykes are given in Tabie 3,

and the compositions are illustrated in Figure 2. The diopsides from the three kim-
berlites have constant Mg/ MgtFe ratios, but gre somewhat variable in their Cad content.
These dxapsaaﬁc hayg very similar compositions t0 primary groundmass c¢linopyroxena from
other kimberiitas (Dawson et. ﬁ?,g 1679}, Figure 2 shows that the lamprophyric ¢lino-
PyPOXPﬂ(b havo 33 2, but variable Hg/Mg+Fe ratios and Table 3 shows that they have
nigher AL,0, and TLJ, contents than those analysad from the knn@er?ites.

Sirteen analyses of the minera},ﬁeﬁtatively optically identified as anthophyllite,
appear to cenfévm this identification and show that the mineral is partially altered,
A tyn1aa] analysis gives the following results {wbt.%): 840, = 52,54; T.0, = 8,02;
AL, 0, = 1,985 Cn,0, = 0,063 Fed = 5,39; Mﬂd 0,09; Mg0 = 28, 6! Cal = (4,58,
uq,o # 0 59' Ky0 = 0,60 (total = 58 @;) o

Analyses from *he groundmass in the Male Fissure include potassium feldspar, zeolite{?)
and opague oxides. The potassium f¢1d«par has no sodium in solid solution, but has a
refatively high Fed content (up to 3,15 wi.%) which has been noted in other similar
1angropnyr,~. A typical analysis of these minerals (in wt.%) s 840, = 63,85; AZ,0,

= 17,785 Cx0p = 0,08; Feld = 1,98 WNa,0 = 0,09; K,0 = 15,66 {tﬂtu1 = 99,26 and

Ti0,, Mn0, N, Hg0 and Cal not detected).

groundmass constituent, apart

2 a zeolite gnrnra11y vwith
(in wt. %) S&0, = 41,975

total = 86,45; T40,, C4,0,,

The third mein, but possibly secondary, intersti
from the potassium fa ldspar and ne preitne. appea;
similar amounts of £ad and Na,0. A typical analys
ALy0y = 30,00; FeC = 0,155 Cal = 5,88; Na,0 = 8,45
Mg0, K,0 not detected),

The epaque groundmass minarals of the Tamprophyres inciude both titanomagnetites and
chremites. The tlt&ewi&gﬂétit”& appear to contain up to 10 wt.% 740, and the following
is a typlcal analysis (wt.%):. Ti0, = 9,70y AL, 0, = 0,373 Cx,0, = 0,173 Fed (total)
= 79,665 Mn0 = 0,78 Mgl = 2,54; Cal = 0 17 {fotal = 93,40). The small (0,1 ma)
and often euhedral c%rcm;ies hava {n, 0y contents of 51-58 wt. %, AL.0, between 4,3-6,7
wi. % and MgU between 10 ) and 13,6 wt.g. :

Heavy mineral caﬁaeﬁtrates (+28%% ) were obtained From large samples of the Main,
Changehouse and Male fissures. The kimberlites contain abundant garnets and spinals.

A few chrome diopsides were vecovered from the Changshouse and'Blug Main fissures.
Garnet is considerably mere abundant in the Cﬁfnv@haufm Fissure compared wWith the

Main (333 as opposed to 36~74 ﬁfﬂWnS per 10 kg of sample). The heavy mineral abundances
varied betwsen the'Brown and Blug” Matn Tissuras; the former containing approximately
hatf the amount of garnet and spinel and no chrome diops;da‘ No iimenites ware reco-
vered from these Yimberlite samples. Both the colour and chemistry of the garnets from
the Chanaahnufﬁ and Main fissuras indicate that both QP?Tdelte and eclogitic varieties
are present and the &ﬁ%éﬂb]&@t is therefore typical of kimberlites. The chromites have
unusual compositions and many have compositions tvpical of dismend-inclusions chromiles.
Betwesn 35 and 70% of the grains ana1vdua from these samples have Cn,0, contents greater
than &0 wt.% and several are over 67 wt.% {up to £8,9% Wt.m!- The averdge Cry 0, content
of the chromites from each sample ranﬁmd From 59 to 61 wt.%. The AL,0, contents of

2«10 Wb.u, Tid, of 0-3,5 wt.% and Mgl of 12-14.,5 wt.$, also emphasize the simiiarity
of many of thase grains to diamond inclusions chroa1te »

Thp Male fissure heavy mineral suite isdifferent from those derived from the kimber-
Tites. In the Tamprophyre fewer heavy minerals were recovered (e.g. 0,26 garnet’'grains
per 10 kq). The fifteen garnets analysed, although different in appearance and colour,
included both perodititic and eaéoq1fxc fype; with simitar compeositions to those in the
kimberiites. In contrast to the kimberlites, eighteen grains of {lmenite, but no spined
wera found in the +28#* concentrate. The 'ém‘wztea hava 7,5-12,5 wt.% Mgo 0,05-0, 87
wto% Cny 0, and hence are similar to kxmberlxtia ilmenites. ’
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ndicate that heavy minerals recovered frsm
are mantle-derived.
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TABLE I DAL ANARYVEES [URUMED] BASLD ORS00 COONTS OVER STROLE THIN SECTIONS
KIMBERLATES LASPROPHYRES ~ )
PRGNS o - i . ‘ ~ Yy
Spacines Ktz | Rier § xan §oriyea | omsse {okesza b oasze ) oat potua Looyr fouvs | ouye f e uias e
Contact CentralfdontactCeantral {Contant{Contact {lentral {lantral Contact] Contral [ Contact {Centrad Lantral {Contact [ Cantrs
Otivine (A1
Altered) 12 3] 5] 15 41 14 28 32 14 27 18 28 29 i3 25
Fhlognplie 38 ] 57 &5 57 2 48" 22 15 20 18 9 20 i8 19
Hionside te, “ tr. tr. 2 5 2 23 33 26 26 35 24 >28 &2
’d.-,ﬂ*) % q; Ltmf‘ 3
% § 2 0% 18 ! 3 29 10 &z 37 25 15 25 28 <38 33
<ty alraved i tr, 9 3 10 12 10 tr. tr, te, tr. tr. tr, Ly, -
Apatits . 4 2 L. i, tr, tr. try § . tr. 2 tr. te, tr, tr. tr,
Spine? i L, 4 2 1 tr, T, tr. e, te, tr. 2 tr, tr. tr,
Carhouaies :
tlataly Cat :
cite} 1 & Py 5 [ L. ? 1 1 tr. 3 2 “ iy, te. tr,
'lfnh celtite : .
3 {Mostly ade
7 tared) - . 0§, - 84 . - - - - - " - - -
&_ii * dain Fis Sure e xhe:'* shovse Flssare L1 e Male Figsurs L? = Fanala Fistuwre
0 & K172 st ¢ J, D3vinson, supposedly derivad from tne Hatn Fissere.

Specimens L3I0 and L2/1 frow 3 Teval;

and L1/7, L1/78, L1792 and K1/29 from ¥ tevel, Specimen K2/2 supplied by



TABLE 2 FHLOGOPITE ANALVWSES FRUM THE SWARTRUGGENS DYKES

Dyke HALH CHANGEHOUSE RORMAL MALE FEMALE
Aralysis Humber o1z | 85 | 878 | 881 | 704 | si8 | &84 | 8v6 | 601 | 627 | 625 | 898 | gog
sanple Fo. kn | oon | ke | oagee ] B2 L RE b oz | u b ban | e
540, 40,80 | $0.12 | 41,94 29,69 |40,35 | 40,03 [40,17 [40,04 |37,23 | 36,89 j36.86 {37,32 |37,33
i, 1,57 1 1,40 | %57 | o84 L 147 | vse ] 130 | o160 | 4,17 1 3,80 | 3,80 ) 3.5 | 3,0
At,0, 12,94 112,58 D12,58° | 40,47 | 750 | 10,87 (10,19 [z j2,22 (12,38 JUI.B6 11161 10,03
e, 0, g5t | 1,25 | om | 6,02 | 1,92 | 0,87 | 0,09 | 0,69 | 0,09 | 0,08 | 0,08 | 0,18 | 0,10
0] a8 | 5.08 | 4,72 | 8,22 | 4,50 | 4,93 1 7,53 | 4,55 | 8,21 | 9,60 }10,27 | 8,94 {10,51
Had 0,6t | 0,06 | m.d.e] 0,85.1 0,63 | 0,08 { 0,04 | - 0,03 | 0,07 | 0,07 § 0,08 | 0,08
Nig - - - - 6,08 { 0,07 | 0,08 | « p,05 | 0,07 | 0,04 | 0,04 | 0,08
#g0 23,76 | 24,60 {24,487 24,87 {2r,62 |25,71 j24,00 |24,25 |21,94 | 20,58 |20,61 20,47 | 20,63
cad 6,01 | 0,09 | 0,06 | 0,08 | 0,07 | 0,04 | 0,04 | 0,04 | 0,04 | 0,05 | 0,06 | 0,07 | 0,07
2,0 0,09 | 0,19 | 0,02 | nd | 0,95 | 0,02 § 0,03 | 018 0,09 | 0,05 | 0,07 | 0,15 | o1
Ko 0 9,61 | 9,0 | 9,85 | 9,52 | 9,3¢ | 9,94 {10,3 | 2,95 | 9,99 | 9,77 | 9.94 | 9.64 | 9,69
TOTAL 34,06 | 95,12 | 95,38 | 94,87 |92.73 | 95.69 [9a,52 [92,51 [94.5) | 93,27 | 93,66 92,17 92,64
HgeFe 0,904] 0,89 a,9027 o.841] 0,916} 0,903 ] 0,850 ) 0,905 0,826{ 0,792] 0,781 0,803} 0,778
*n,d, = ot detected
842 » centre of 0,6 mm phenscryst 764 - rim 3R phenscryst (0,24 wt.8, Bad, §01 - 0,05 lath
845 - syhedral groundmass lath, 0,02 wt, % Fyds and 0,38 wi % F) 627 ~ groundmass lath
878 0,1 en ;onq . 678 ~ gmaﬂ groundsass {9,52 wt. % bacf’i 625 ~ groundmass lath
- centre large macrocryst - 0t wt. % PO, and 0,85 wi.be .
881 !.SITW h;d Y ath 684 - groundrass %ul; - KR ggg . ::‘:H ggggm:: ::::
- 5ma ayhedral lath -
0.1 ";l tong 876 ~ 0,1 =a bleached lath
TABLE 3 ANALYSES OF CLINOPYROXENES FROM THE SWARTRUOGENS DYKES
Dyke HAIN CHANGEHOUSE | thRAAL PALE FEMALE
Analysis Number § 975 896 570 971 280 564 | %83 | €07 630 862 897 301
Sample Number kizza | xizz0) xtszs | eves ! xasz o xese | k3 a2 w7 oL oLt e
840, 54,491 53,501 55,071 52.47 | 53,52 54,24 53,88 | 50.86] $2,35| 51.83| 52,99 52.78
T80, 0,57 6,37] 0.59) 0,200 6.6 0,88 051 1,88 o0.88) 1.24f o078} 0.5
AL, 0, g, 290 o.21] 0,221 1.1 0,200 o8 oua8f 4,827 0,87f ] om] 07
en, 0, 0.25{ - 0,201 0,137 0183 0.8 0,47] o] 6,78] o.08] 053] 0,52
Fed 2,820 ot ozt 102 2,91 25| zs| 5,68 341 406 341 3,22
n) 0,06 - 0,07] 0,48 o,07{ o008} 0.,05) 06,07{ 0,08] 9,08] 0,08} 0,07
Nig* 0,05} - 0,051 0,081 6,03} 0,081 0,04 0,02] 0,02 -~ 0,011 0,03
g0 17,36 | 17,261 6,28 1.7 ] 17,18 16,95 | 16,85 | 15.82] 16,78] 16,16 16,79 | 18.52
€ad 24,50 | 23,66 | 25,04 | 22,21 28,63 | 24,93 ) 24,92) 23,93 ] 24,25 24,23 28,22 | 24,191
Na, 0 o,3¢] o0.28] 0,281 0,75 o.24) o.22] e8| 9.3 o.t4) 0,23 o022 0
K0 nd.* | ad. 0,00 0,021 0.02] 0,01 nide 0,021 0,02} n.d. 0.24| 0,22
107AL 100,44 { 68,05 1100,77 | 160,31 | 59,80 | 100,18 | 99,37 | 69,86 | 99.55] 99,14 | 99,73 | 99,02
*a.d. = not detected
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Fig.1 TiQ,vs Mg /Mg+Fe of phlogopite from all five dykes

Legend
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Fig. 2
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Ca-Mg-Fs atomic proportion plot for
clinopyroxenes from the five dykes.
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