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“The origin of the 1.13 kilometres-in-diameter Pretoria Saltpan crater, which is situated -
- some 40 kxlemetres north-nor}? st of Pretona, has been a mettex of controversy for the I
- last centary. Two models heve been proposed for. the’ origin of this structure, favommg.:i Yo
- eithera cryptuvolcamc ora meteonte nnpact ongm. Occurrenees of alkalme rocks were | _
| 'prevmusly used as an argument in favour of a vnlcama origin. A more detailed
N investigation, qumnng a mulu-dlsetphnary a;gproacﬂ of the exater, began in- 1988, when
a borekule was drilled to 2 depth of Zﬂﬂ metres- near the centre of the crater, Shock /
_metamorphlﬂ effects were recogmsed in the ccre, whlch are trenerally beheved to be" o

'.'dmgnostzc for mpact processes, '111e age of thls unpact event was rece;zﬁy deternnned o

ot 220&52 ka. ’ffeung and well—preserved mpact craters 51m11ar to the ia‘\retona Saltpaﬁ S
o 'are rare, Thersfore, the 'Saltpan crdier premded an excellent op orttmlty for. the o
stmctural ana]ygls of such a crater: Further work was reqtured Mth r§5pect to the BRE
. d1str1butioﬁ ef the hthelogms antl the occurreme of a]kahne rocks"” in agi otherwise' .
| granitic terrane, 'Ihe geolegy of the crater enwrons and the pessﬂ):hty that maﬁc and n
alkaline lithologies could be a regional p};‘enomenon and not be restncted to the. crater, S
' _have been disregarded in previots work. Detailed hthologmal mappmg and samph:ug for . |
 petrographic atid chemca.l analysis of rocks from the well-exp(jsed crater rim as wellas .
~ the isolated exposures ou’er of the erater was carried nut A second, smaﬂer circular -
 depression (400 metre d1ameter) z\:q ‘the southwest of the mam crater was dlscevered ands
is suggestwe of a twin or satellite crater Geephymcal studtes Were carneci eut over fhe |

main crater and thls Posszble satelhte crater, - e "i*'z_

Detaﬂed mappmg revealed that most of the mtruswes exposed along the crater rim have -
no radial or penpheral disposition with respect to the erater centre. In most cases the

 intrnsives have been faulted both rad1a]1y and coucentncally by a post-mtruswe event,

presumably the r:ratermg event. Closer to the crater floor, the granite was found to dlp |

gently inwards. Towards the rim crest the gxamte dips outwards to varying &% "-ees,

- mdmatwe of uptummg chcta debris is found in an inverted stratigraphie sequenc;,\ at

is the older gramte debris overlies tue youuger Karoo sediments at various localtﬁes

| around the nm. The m:d-sectien of the rim consists of an ant:lchne, whxch is lec.ally _

'iii |



- | d,lsPlaced along, ioward mppmg fanlts Overall, the Ptetom Sa..tpan crater is g;ructoraily L
_ s;mﬁar to the Odcssa 1mpact crater, Texas, wiﬂ:l some mmilanty and stukmgly smnlarf_"; G
e dzmensions to Meteor C:rater,Arizona. R LR L
.~ The various Ixthoiogles from the crater and envxrons (mcludmg samples from the R
o 'Plenaars Rwer A]kahne Complox) wen’ studxed petrographlcally, mcluding electron_-"._ o
| :'_ opmbe analys:s Geochemlcal ana.‘lyses, mchr:ding Rb—Sr datmg, wera carried out on - W "
N the varions Ixthologles These results ate strongly suggesﬁve ofa common souree for the
0 intrisives fromw:;hm and outslde the crater that wrere a]l formu:d at about 1.30—»1 34 Ga BRI
L agg,: ISR I e T RS
A negatwe gravxty anomaly (-3 2 mgal) obtamed over the mam crater as weII as thef:;__f S __
. __ magnenc mgnatu:e, are in agreement with the mgnamres expected for an lmpact crater 3 R
_ :of these dxmcnsxons ’Ihe small clrctﬂar fcature to the southeast does not show an}
| | | 'charactensuc geophysml sxgnamros However, the Iack of a posmve grawty aud of anyt S o
o magnetic a.nomaly rules out the- pﬂSSiblll‘ty ofa magnetlc volcanic pipe. Asit is the only .
~ such feaffue n the entire area 1t should not be overlooked as a posmble twm or satellite N | -_

crater '

{}'..

'. Th1s study has mdma*od that the Pretﬁna Saltpan crater poturs in an area. ofa]kaline o
i actmty, the age of W]chh has been tentatwely detemn{aled at. about 130-1 34 Ga, ‘I'l:le 3 -
. cratenng event is mgmﬁcanﬂy younge:; at about 220,000 a ago. The petrograpmc and' R
- structural observatlous on ‘the mter as well as the new geologu:al data, are a]l o

e

; keepmg Wlth an mpact ongm for the Protona, Saltpau stm cture _. . SRR

el
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I.'ISTOF-FIGURES-"

Figure 11 Aenal view of tha I’retona, Saltpan crater towaxds the west |
Figure 1.2 Map showing the locality of the Prewna Saltpan crater in

© relation to the Bushveld Complex {uodified after Walraven, 1987). Also

~ shown are the locahtles of Pilanesberg and the Rnorleplaat Complex, -

- Figuve 2.1 Results of the 198871989 drillcore (from Reimold et al,, 1992)

. Figure 3.1 Shuttle photograph (fSTS 273990; conrtesy Lunar and Planetary
- Institute, Houston) of the Prett%rm Saltpan crater and its environs (north is -
~ at the top). The black civeular-

i qectablanket. B i r,/ s

- Figure 32 Lucation of the Pret(ma Saltpan and mapped surroundmgs w1t11 B
respect to members of the Plenaars RJVer A]kahne ComPlex (modlﬁed R L
C.

~ after Harmer, 1985). s .
Figure 3.3 Lamprophyre dyke with a crude sillJike feamre found in the
. crater environs (Sample 21-E: see regional map insert for location). -

same Ioca]rty as Sample 21-E (see regional map insext for locality).
Figure 3.5 Typical appearance of altered lamprophyre. The dark colour

on the weathered surface is the result of iron stammg The lower pax:t of . |

the outcrop is the granitic con:ntry rock. . . 5
' 2.6 Thin, well preserved lamprophyre dyke (Sample 23*[) see

reglonal map for Iocahty) Note that thjs dyke has nght-laterai strike slip | '

displacement. _

Figure 3.7 Fine gramed gramte xenoltth, accasmnaﬂy observed ir the
Nebo granite.
Figure 3.8 Albitic gneiss xenohth ohserved at one locality (appmmately
3 kilometres to the south of the crater) in the Nebo granite, o
Figure 3.9 Remobilized guartz and feldspar in a shear zone, encountered
‘in the Nebo Granite at a locality 3.5 kilometres to the south of the crater.

Figare 3.10 Typical occurrence of Karoo grits unconformably overlymg the ~

'Nebo granite. The hamimer has been placed on the contact,
Figure 3,11 Grading and stratification present in the Karoo grits.

Figure 3.12 Paraconglomerate belongmg to the Karoo sed:ment smte, as

-enconniered in the study area.

Figure 3.13 Paraconglomerate encountered in the southern poman cf the

" - study area. The large clasts unply a proximal source area of deposition.
- Figure 3.14 The location f the small cratet form in relation to the

X

o

| ture in the centre of the crater is the crater _
" lake: The ejecta blanket extends for about. one crater diaméter around the
crater. The south-north ﬂnmng“Sﬁutpan" stream ﬂnws Just to the east of the

: I’agé..-'--_ -

~ Figuze 3. 4 Granite (at bottmn) lamprophyre contact relationship from the. P
| B .

19

20 -



_.'_.‘:\.

position of the Preforia Saltpan crater (Orthpphoto Nuﬁmem 2528 AC 7

~and 18; Government Printer, Pretona)

_ Fignre 315 Aenal view of smiall circiilar crates form to the southeast of | B

-the main crater (diameter AN s approxmately 400 me'res). »
Figure 3.16 View of the small crater form towards the south. Note the
~ small chanpes in relief towards the far rim and the change in vegetatmn

-~ at the contatt (see axrows) between the central muds and the Karoo Gnts SRNCR.
29

of t]:le rim zone.

L Figure 3.17 Typical gramte outcrop smtable f.ar Jomt onentatmn analysm

Figore .18 River paths are strongly | mﬂuenoed by ]mnt onentataons at
certain points. iﬂ.e&gthaipaths L
'Fxgure 3.19 Joint patterns measured at mne d]fferent locahﬁes in fhe

- study area (for localities see regu:mal map msert) Nnmber of measurements

- denoted by n.

‘Figure 3.20 Joint pattem for the eutire crater environs, obtamed by
combining all joint orientations’ measured in the study area (a= 690)

Figure 4.1 Typical lamprophyre occurrence on the northern crater rim.

Figure 42 Segment of a well proserved lamprophyre dyke shomng the
- cross-cutting relationship with the host granite,
" Figare 4.3 Carbonatite pecurrence on the lower; inner: southwestem Tim

. (Sample 95), with mxmerous, well-defined schist fragments.

Figure 4.4 Gramte—cai’bonatlte relationship*(Sample 107).

Figure 4.5 Detailed planetabled map of a radially. and concsntnca]ly

- faulted trachyte dyke. The small numbers- mdlcate the d1p measured for
each fragment of the dyke.

Figure 4.6 Sketch of {a) Pre-impact condmonc, and (h) Post-m..pant

structures resulting from the cratering event; the upper portion of the rim -

is believed to have been thrust ontwards resulting in ontward-dipping
rotated blocks; superimposed o these thrust faults afe normal -
- modification, or post-impact structures. Dykes.and sills within the ongmal

- granite would be fanlted into numerous orientations as shown in the figure.

Figure 4. 7 Highly altered traChyte dyke (Sample 24;a typmal north~nm -
sample). :

. Figure 4.8 Throwout gramte breccla a‘* the top of the crater fim sccﬁon,

southeast rim sector. - .
Figure 4.9 Horizontal ]omt set observed in ﬂ:le gramte in the crater
environs.

Figare 4.10 Fracture. cleavage paruhoncd mto zones of greater stram or

- less competent layering,

' -Figm:e 4.11 Secnon of the crater rim along the access road from the

m .
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- southeast into the craters (a) upper crater w all showis "ejé?:ta precit

~ overlying Karoo grits, which overlies steeply outward-dipping gramte,
' (b) mid-crater wall exhlbltmg an annchne, and (c) lower crater wall mth
 generally shallow, mwardwdxppmg granite; = g

. Figure 4.12 Anticline in the ‘mid-crater wall of the crater rim secl:mn. -
~ Figure 4,13 Normal fault on the upper southern rim formed during the

modification stage. The crater centre is to the left and the left~ha11d black
‘has moved downwards and was rotated clockwite, -

- _ Figure 4.14 Joint onenta:twns taken at selected siteﬁ on the crate:r tim

- (after Brandt, 1991), . 1,
' Figure 415 Sub-vertwal radml breccxa dyke{)sample ‘72 for Iacahty see

Figure 633). - o
'_Figure 4.16 Massrve tahula: gramte breccm fonnd on the southcm lowcr, '

_inner slopes. -
Figavre 417 Fracture onentaﬁons (wﬂ.h respecﬁ to the vertlcal), Versus

depth. Each point repres,ents approximately 7 joint measurements. Tﬂe R

total mumber of measurements used in this study was 332. .
 Figure 5.1 Position of gravity profile of this study {a) and that mea,sm:ed
- by Fudali et al. (1973}; (b). '

Figure 5.2 a) North-south elevation pmﬁle across the Pretoria Saltpa;u |

~ crater. b) Gravity profiles from this study and from Fudalivet al. (1973).
" Note: right hand mgal scale is for the Fudali et al. profile only. -
~Figure 53 a) Gravity profiles (this study and Fudali et al,, 1973). Note:
right hand mgal scale is for the Pudali et al. profile only. b) Gravity .
model obtafned using the best fit model curve in Figure 5.3(a). Density
contrasts of the bodies used in the model are all relative to the density
~ of the granitic country rock (2.67 g/em’) and are given in gfem®.
~ Figure 5.4 Position of the three magnetic profiles across the Pretoria -

- Saltpan crater. Note: all profiles extsnd one kilometre beyond the rim crest.’ |

Figure 5.5 North-south profiles of the thres magnetic surveys. - .

- Figure 5.6 Aeroma.gnetlc map of the crater and its environs. The crater is
the central circular feature {dianieter: 1.13 kilometres). Part of map 2528
AC, published by the Geolog;cal Survey of South Adfrica. '

. Figure 5.7 Residual magnetic signature after removal of the reglonal
component.

Figuve 5.8 (a) North-south elevatlon proflle of the poss:lble satellite crater, .

(b} North-south gravity mgnature of the possible satellite crater. (c) -
- Bast-west elevation ptofile of the possible satellite crater (d) East—west

gravity signature of the possible satellite erater. )
gy Figure 5.9 Results of the magnetu. survey for the possible satelhte crater
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- Figure 5.1¢ Contour map of the poss:bie saxelhte feature w1th the pomtmn

- of geophysical survey lines. -~ . : B
Figure 5.11 (a) Elevation profile of the pOSbeIe satellite cra,ter from the

north to th, crater centre (refers to the pasitions of the varions re&acnon S
soundings 51-83) (b) Interpretatxon of the sub-surface velocities, using the -
results of the three seismic surveys. Nute that the honzuntal distances for -

both diagrams are coincident, -

' Figure 5.12 (a) Elévation proﬁle of the pos‘:ible sate]hte crater from the )
*_north to the cemtre (refers to the positions of the various resmtmty

soundings). (b) Interpretation of the sub-surface resistivity, using the o

 resulis of the three resistivity ‘mum}mgs Note 1ﬁat the hcnzontal dlstahces_. C

- for both dmgrams are coincident.

possible satellite crater. The crater centre is at appmmmately 150 me.tres,
© and 1ns~=(0.1 metres. . - . :
Figure 5.14 Magnetm anomaly obtamed Qven; the large magnenc dyke '
feature to thie north of the Pretoria Saltpan ¢rater. |

Figure 6.1 Map with samphng sites (and numbers) of samples siudled
petrographically. -

Figure 62 Thin section of a m:cro-gmmte renghtil 'Ihe textme and
 compdsition is similar to the Neba granites, Bui it is markedly finer
grained (crossed polarized light; field of view: 2.373.4 mm).

* Figure 6.3 A gneissose band in an albitic gneiss xenolith (plam polanzed -

light; field of view: 2.3x3.4 mm)

Figure 6.4 Thin section of a iyte in which the groundmass exh1b1ts a

.. radial devitrification pattern (Pla.m polanzed light; field of view:

1.5x2.2 mm).

Figure 6.5 Altered trachyte (Sample 22) with relanvaly fresh bmtlte

- phenocrysts (cross-polarized light; field of view: 2.3x3.4 ). -
Figure 6.6 Highly altered hachyte sample (plain polanzed light; ﬁeld of :
view: 1.2x1.7 mm). | .

Figure 6.7 Granite-trachyte contact. The granite, which has been
brecciated, is the lighter material on the right-hand side of the
photomicrograph (cross polarized light; field of view: 2.7x3.4'mm). |

 Figure 6.8 Thin section area of phimolite (Sample 40). The green -

- phenocrysts are aegirine and the white phenoctyst (bottom right) is -

nepheline set in a spherulitic, predennnantly feldspar matrix (plam
polarized light; field of view: 2.3x3.4 mm).
 Figore 6.9 Typical lamprophyre (Sample 53) from the. crater rim (cress |
' polanzed hght ﬁeld of vzsw 1 8x2 7 mm), - :

Figare 5.13 Results of the ground—probmg ra&m‘ survey conducted over the e
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" Figure 6.10 Secondary carbonate (white mineral) in a groundmass -

- containing abundant magnetite;in a lamprophyre (Sax ‘*lg 53) (plam
polarized light; field of view: 1.5x2.2 mmj, . -

Figure 6.11 Carbonate ocelli in a highly altered lampronhyre f Sample 41)(

(plain polarized hght, field of view: 3423 mm). ¥ - N

' biotite and magnetite (plain polarized Ilght' field of view: 1 SxZ.Z mm)
Figure 6.13 Typical glomcroporphyntlc texture of lamprophyre sample
199 (plain polarized light; field of view: 1.5x2.2 sam). :

‘environs (plain polarized kight; ﬁeki of view: 2.3x3.4 mm).

- Figare 6.15 Altered lamprophyre (Sample 21-1(3)) from the crater R

SR

‘environs with magnetite surrounding a corroded pyroxene phcnocryst
(plain polarized light; field of view: 1.5x22 mm).. - . _
Figure 6.16 Lamprophyre (Sample 21-E) frem the crater environs showmg

._.86 —

' Flgute 614 Fm&grmned lamprophyre (SamPle 23-D) ﬁ'om the crater o S B

a ‘similar texture and mineralogy to the crater rim samples, e.g., ‘Sample s i

53, Figure 6.9. The large white phenocrysts are ¢linopyrixeéne. Other

~ minerals present incinde magnetite (black mineral), biotite (brown -

mineral) and feldspar in the groundmass (plazn polanzed hght, ﬁeld of
- view: 15x22 mm). .

" Figure 6,17 Thin sectiont of a carbonaute (Sample 95) which shows the

mosaic texture and the chlorite schist fragments (cross polanzed hght B

. field of view: 2.3x3.4 mm), : -
Figure 6,18 Secondary tridymite within ca\atlcs in carbonattte sample 05
(cross polarized light; field of view: 2.3x3.4 mm).
* Figure 6.19 Simplified geological map of the Roodeplaat Complex (part
of Geological Survey of South Africa map 2528 CB) showmg sampling 51tes
- for the studied samples (R1-R11). .
Figure 6.20 Thin section of a Roodeplaa:t diorite dyke, Sample Rl (cross
polarized light; field of view: 2.3x3.4 mm).

Figure 621 Thin section of a Roodeplaat granodmnte, Sa.mple R2 (plam :

_ polarized light; field of view: 2.3x3.4 mm),

- Figure 622 Thin section of a Roodeplaat peralkaline svemte, Sample R3
(cross polarized light; field of view: 1.8x2.7 mum).

Figure 6,23 Thin section of a fine-grained peralkaline syemte nodule,

| - Sample RS, occurrmg w1tknn Sample R3 (plam polanzed hght field of |
- view: 0.8x1.1 mm).

| ~ Figure 6.24 Thin secuon of a Roodeplaat perthmc syemte (Sample R4

cross polarized light; fleld of view: 2,3x3 4 mm) shomn,g tabular feldspar
phenocrysts chlonte a"ﬂ epldote
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- Figure 6.12 Lamprophyre section (Sample 19) showmg the assoclatmn of \\\ SR R
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"Figure 6.25 Thm snctmn of a Roodeplaat ﬁne—gramed feldspathmd
syenite, Sam;:le R6 {cross polarized light; field of view: 0.9x1.4 mm),

consists of carbenate minerals, chlorite and Secondmy quanz (cross s
polarized light; field of view: 2.3x3.4 mm). _.

" Figure 627 Thin section of a Roodeplaat femte Sample R8 (plam? o

polarized light; field of view: 2.3x3.4 mm).
 Figure 6.7}8 Thin section of a- Roodeplaat feldspathmdal microsyemte

o

showing a large feldspar phenoeryst in a fine-grained groundmass Sample_ . s
" RBA (cross polarized light; field of view: 2.3x3.4 mm). - B
" Figure 629 Thin section of a Roodeplaat. carbonate “lamprophyre," with

- a dark groundmass, a thoroughly altered phenocryst, and a carbonate-
‘chlorite assemblage (Sample R9) (cross polanzed hght, ﬁeld of weW'
2384 mm).. L

~ Figure 6.30 Pymxene remnant 1de11uﬁab1e by its ongmal cleavage
‘Sample RS (plain polanz;ed light; field of view: 2.3x3.4 mm).

Figure 631 Thin section of a Roodeplaat basalt, Sample R10 (cross
polarized light; fie}d of view: 1L.5x22 mm). -
Figure 6.32 Thin section of a Roodeplaat gabbro, Sample R11 (cross

- polarized light; field of view: 2.3x3.4 mm). .
- Figure 6,33 Thin section of a typical "Karroo Gnt" sedunent common {0

 the study area (cross polarized light; field oﬂ view: 1,8x2.7 mm).
‘Figore 6.34 Locations of all brecma samples found at the crater sxte in
~ this study.

- Figure 6,35 Autochthonous monomict breccla oceurring as a J:adml, sub-,.

vertical breccia dyke. Note the crude. alignment of ‘clasts which are

- parallel to the strike of the "dyke" (cross polanzed light; field of view: .

- 2.7x3.4 mm)}. _
Figure 6.36 Altered cataclasite breecna (Sample ZP-BR) \
Figure 6.37 Typical section of a cataclasite shomng"anous degrees of
- dlteration (plain polarized light; field of view: 1.5x2.2 mm).
Figure 6,38 Section of a relatively fresh cataclasite. (SamPle ZP-4, plam
polarized light; field of view: 1.2x1. 7 mm),

Figure 6.39 Common parallel form of clasts indicative of stress condmons o

‘Sample ZP-BR-A (plain polarized light; field of view: 2.2x1.5 mm).
T are 640 Staggered fractures occurring in Sample ZP-BR {plain_
~ polarized light; field of view: 1.5x2.2 mm), filled with iron oxide.
Figures 6,41, 6,42 Kinked fractures occurring in breccia sample ZP-BR
o (plam poianzed Tight; ﬁeld of view: 0. 49x0 72 mm for both photo- -y

__XV

w0
 Figure 626 Thin section ofa Raodeplaat carbonate breccia, Sample R7,
" with chlorite-rich clasts and one igneous (brown) clast. The matrix
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| '_"-mlcrographs) L R 11_6" L
-+ Figure 643 Planar deformatmn features {g,ee armw) and fractnres iyplca]ly Lo

* oceurring in shocked quartz grains in cataclasite of the Pretoria Saltpan crater - o
in Sample ZP-BR (plain polarized light; field of view: 0.15x022 mm), _117 o

Figure 644 Breccia (Sample ZP-5) exhibiting planax defamauonieamres -

ina quartz graiii (cross polanzed hght, field of view: 2.3x3.4 mm) | n 118 o

: Flgure 645 'I‘rachyte—gramte contact brecc:a (Sample 23-A). The- trachyte ‘
' is the darkened area to the right and has been totally repla:ced bya.
 secondary iron-rich phase at this pomt Some of this alteration may be
' seen in the gramte near the centact (plam polanzed hght "ﬁeld nf view,

SIS S

Figure 6.46 Shear ZOne. brem (Sample SP-U) from th& ﬁrater envxrons

- (cf. text for deseription and Chapter 3 for the geologxcal sethng) The R
yellow area at the left margin is predominantly altered feldspar with lght o -

patches of secondary quartz (plain polarized bight; field of view: 1.5%2.2 mm) 120 | |
Figure 647 Photomxcmgraph of planar deformatlon features in a quartz o )
~ grain from 122 metres ‘depth (arosscd polanzed hght field of view: - "*3___'_,;.-,_

0,24x0.36 mmt).’ ' 122

. Figure 648 Another photonncmgraph of plzmar deformatlon features in
~ shocked quartz from 122 metres depth (crossed po}arxzed hght ﬂeld of A
view: 024x0.36 mm), . 1230
F‘gure 6.49 Photommrograph ofa glass sPherule (plane pglanzed hght | |

. Figuue 6.50 Phctnnucrograph ofa d1ap1ect1c qua.rtz grain (ccntral gram) in
~ a) plane polarized light and b) crossed polarized light, showing the typical =
 isotropism in crossed polarized light (field of view: 0.75x1.12 mm).. = = 124
Figure 6.51 Frequency diagram for the angle between the c-axis of the I
~host quartz crystals and the normals to the onentatmns of planar e :
deformation features. = - 125
- Figure 6.52 Frequency dlagxam for the. angles between he c-axes of host .
quartz and the normals to plauar deforﬂ:latwn featums (courtesy of T
 W.U. Reimold). R 126
Figure 7.1 Ternary magrams 1a) (F%Og-MgO“A]-zos) and (b) (K;0-CaO i |
Na,0), representing the major element compositions of all samples

- analyzed from the Pretoria Saltpan crater, with selected samples frc-m the | e
Roodeplaat Complex. . - - 130

. Figure 7.2 Total alkali-silica (TAS) diagram after Le Bas et 4. (1986)

Note that the alkaline lamprophyres typically plot in the foidite and D
tephrite/basanite fields (Rock; 1991). Greenview data were taken froma -~
“study of the Greenwew lampmphync ‘breccxa vent (McNemey et al |

xvi
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- 1992) whch fom part of thie Pienaais River Aﬂcalme Compiex
- . Figore 7.3 CaO versus MgQ plot of the Greenwew da.ta (McNemey et
~ al,, 1992) and data from this study, :
- Figure 7.4 CIPW-normative mineralogy of dlfferent hthologms ftom the
Pretoria Saltpan crater and environs, together with selected Roodeplaat

- and Greenview (McNerney et al., 1992) samples., {a) normative quartz-
- plagioclase-orthoclase-feldspathoid abundances; o nonnatave quartz-

 feldspar-pyroxene (4olivine) abundancts. . s o
supenmposed on the range of crater 1im lamprophyre samples; -

a range of crater yim trachyte samples, -
Flgure 777 Plot of trace elements for the two erater rim carbnnatites.

Figure 7.8 Pymxene composmons uf lamProphyre sa.mples from the TR L

Pretoria Saltpan crater and its environs. = a
Figure 7.9 Cl-normalized REE abu;;dances for (a]i lamprophyres, (h)

o trachytes, and (c) carbonatxtes {shaded area represent,s a typical range of

~ REE contents found in carbonatites fiat contain no'Ce anomalies - -
' (Cu]lers and Graf, 1984)). Normahzatlon factors. HSed for a]l three ﬁgures
~ are after Nakamura (1974). _ _
~ Figure 7.10 Abundances of selected hthophﬂe elements as determmed
by Instrumental Neutron Activation Analysm, i (a) lamprophyres, (b)
. trachyies, and (c) carbopatites.
Figure 8.1 Isochron diagram for studied samples using Cpx 9 and Hid. 4
" as the lower limit constraints, Crosses indicate samples excluded for
the calcalation of these results Thls combmauon gwes the best ﬁt =
isochron age. _
 Figure 8.2 Diagram of the "Iower end” valueb, combmahons o£ w]nch T
were used to calculate isochron. ages (cf. text) Scatter is attnb atedto )
- alteration. -
- Figure 9.1 Schematlc cross sectmn ﬂlustraung the structure of l..; Odessa
* crater and (b) Meteor Crater (after Shoemaker and Eggleton, 1961),
Figure 9.2 Schematic cross-section of the Pretoria Saltpan crater based -
on the drill-core stratigraphy (Reimold et al.; 1992; Partndge et al, 1993)
and the structure of the rim (this study). C=colluvium, CS=carbonate
rich sediments, FG—frar-tured graunite, FGB -fragmental granite breccia,
GB=granite breccia, KG=Karoo grits, PIP=inferred post-impact profile,
FP=present proﬁle SL=saline lake, SM=saliae muds, T=talus. '
Figure 9.3 View of the uptilted northern rim of Meteor Crater, as seen

- ...1_31.:

Figure 7.5 Trace element contents of selected IamProphyreQﬁamples, R R T

- . o135
'E‘igure‘?GTrachyté\\tram elements of selected samples supenmposed on. SU

136

o139
BT
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from a distance of approximately 1.5 kilometres. The rim-to-rim diameter



- **a, the west of Metenr Crater, are vmble. L
N ,_;‘,'@ugm 9.8 Typical impact-induced radial faulting in me upper rim Qf o
* ¥k | “Meteor Cratey, Note the radial and. upward displacement at this lacahty o
" Figure 95 Rotated maga—block on, thie rim of Meteor Crater. Photograph R

- taken lookmg towards the centre: of the crater, The usual concentric ERRTE
* orlentation of the sediments is seen here o liave been rotated by as D
- muchas 90° 1‘em:1tmg in 2 radial orientation.. The ;imgqnal wu!th af the T n
o Photﬂgraphed\iarea is approximately 4 metres, .-

-

. _'cf"aneteor Crater:s 12 Inlemetres. T
 Figure 9.4 View of the Pretoma Saltpan crater nm from the south Note, :

_ the similarity in momholagy 0 that of Meteor C‘rater (Flgm'e 9.3} : _

~_Figue 9.5 One of the largest efecta. blocks on the rim of Metaor Crater T,

. "This black is aboit 6 metres high.

: Figure96 One of the largest ejectahlocks 011 the eastem mn ofthe

‘Saltpan crater. This block is about 3.5 metres high.

. Figure 9.7 Upturned strata at'the npper rim at Metenr Crater, whmh R
K& may be abserved on the upper rim of the Pretcna Saltpan cratcr, too. In_..
some 80 Klometres
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Table 61 Mcroprohe resul‘ts of i) Cataclamte matrlx li) Brecma dyke
‘matrix itiy Matrbi of breccia at granite-trachyte contact: - '

Table 3.} Age dam on alkaline vulcamc mcim from the m'ater gmd the y 3_ Sl

_P1enaars River Alkaline Complex.

* Table 82, Age data for the cratering event.  ‘ o e DR *7 SR
Table 8.3 Rb and St conoentrauons anﬂ 1sotop1c rat;los for samples | o

analyzed in this study :

- Tabl¢ 84 Isochron- results for calculatmens mﬁa ﬂ::fferent sample
cambmanons Ermrs are lg, and errars pn mmai ranos refar to thé Iast
- digit of the R, value, . .

. Tablé 9.1 Range of posszble densrﬂes and dmmsters cafcuﬂated usmg a

- finimivm, velocity, a maxim I elomty and a probable velpcxty for the

~ Saltpan projectile. All calcul use an estimated impact enetgy of,
1331 kilotons TNT, ealculated” usmg squation 9.1 (Dence et al,, 1977)

- Table 8.2 The currenﬂy known craienng record for Aﬁica (Keehgr],
199413) o . .
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- '_ The detaﬂbd geologlc study of mpact craters is relattvely new and 1s a dtreet result of - _' = _: B

- . space expleranon in the last three decades together with the d:seovery of techmgtws for -
| - identifying fmpact craters. Te date, hyper“elﬁ‘m impact processes have beerr widely - -

- “acespted as having played and still playing a major role i in the evoiuuon nf terrestrial
. planets (6.8, Roddy et al,, 1980; Melosh, 1989). The evidence of this process is most
. abundant and is best exémplified on planetary bodies which have retained portions of

- jtheir dartest, >3.8 Ga, crust (Grieve and Pesoner, 1992). Although his is not ghe case
. onthe earth s k:uown that the earth beais many scars from collisions: mth large

| _._meteontes in fhe geologtc past: it has been. esnmated (G:neve, 1980 Frey, 1980) that B
- prior to 3.8 Ga. ags. &500-3 000 stmctures with dtameter > 100 ldlometres aud 2

._ structures wﬂ:h dlameter > 1,000,

ilame ﬁ’wereformednnEaI& Ineontrasttoether

terrestnal planets the uumber of 1dent1ﬁed mpactmaters on theEarthts relanvely small: o B

. (appro:umateiy 150), but is the main source of grouud truth observatmns on the geologic

o effects of impact in the i inner solar system (Gneve. and Pesonen, 1992) These authors o -
T emphasxzed that the g,enlogxc control is gEﬁerally good and permus detaﬂed a.nalys:s for - B
- such effects as structusal changes, the physwal and chemlcal Tature. ,nF impact meltmg,

" the response of m?toplc systems and the nature and extent of metennuc contanrination.

“The geologic study of nnpact craters came with the develﬁpnm of a rehable set of

. criteria far their recogmtlon, known collectwely as shock metamorphjsm (for example,
French and Short, 1968 Stofﬂer, 1972, Sharpton and Grieve, 1990) | o

At present, one of the/snest dtscussed sub_]ects in earth sctences 1s the catastrophm event N

 that marks the Cretaceous/Tvmary {K/T) boundary ‘and whxch led to a well

_ ducumented mass extinction, lis possible connection to the 1mpact of an astemld or
comet is fiot 4 new idea (De Laubent‘els 1956 McLaren, 1970; Urey, 1973). Anmtenswe -

study regaxdmg ¢his possib:hty started vnth the dtscoveryp of iridium aud s1demph11e o

element enrickments i in the thin sedlmentary layer at the boundary (Alvarez et al,, 1980 R
: remewed by Sharpton and Gneve, 1990) In addltlon to geochemlcal e\uuence at this o
- boundary, shocked mmeral grains have been detected within K/T baundary sedxments -

: 1.0
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Cat many s1tes woxldmde (eg, Beher et aL 1984 1987) Assessmg the mmgumg' )
o proposmon that the course of llfe can be strongly mﬂuenced by colllsmms with .
. extraterrestnal bed1es, the need aﬁses to 1dent1fy study and further gﬁderstaqd the

'. n' w

o processes mvolved m pmducmg unpact structures

e _-Impaet eraterseangenerallybe elass:ﬁedmtumommngmups accordmg tethelrshape._-_ o

E s e

and size: a) s:xitlple, bowl shaped craters v.uth a dmmetér of less than 2 kilometres o L

o sedsmentaxy rocks, er less than 4 lulometses in crystah&le target rocks (Dence et al, o
o 1977), and b) la:ger complex craters “uth a central uphft and pessibly nng i’:r'-_ '*ﬂ;ﬁed - L

-nngstructures o \

'The Pretoria Sa‘ltpan crater (Flgura 1 1) sa snnple, bowl-shaped cratér mmted in the _.
" souttiern pornon of the Bushveld Complex, some 40 km nﬁrth-northwest of Pretana, at
. "zsm’sn" S and 28°04’59" Ein the 'I‘"ansvaal Provmce of South Afnea (sse Fxgﬂre 12).
- The crater posmen ls appmx:mately 20 lulometres to the west of the town of -
' Hammanskraal and the margin of the Pienaars River Alkalme Complex (Figure3.2).The
near-cxrcular stmcmre hae a 113 kﬂemetre nm—te nm dlam,eter ‘and exhib:ts a well— | )
preserved, uptﬂted gramte m,n, whlch ls largely overlam by gramtm hreecla The breccla_ o
overhes Karoo sediment i in places indleetmg a post—Karoe ageim;* tb,e cratenng event. .

The rim is elevated by 60 metres above the mumundmg plam:ss wﬂ:h an elevatmn of 119

' metres abuve the crater ﬂoor ‘The preservatmn of the rim- mdmates a young age for the : | R B
- crater An extenme bla.nket of ejec}a breema is supertmposed onto most of the mn and_ o

surroundmg terram {F1gure 3 14) Y

L r'__-i‘

The origin of the Pretoria Saltpau crater has heen a matter of cortxoversy for the Iast o

century. Two models have been proposed that 15, @ exyptovolcemc or meteonte nnpact

origin, 1t is partly due to this controversy that much resea:eh has been camed outonthis

structure 'I‘he: coincidence of the spaual uccurrenc,e of the crater Wlﬁl that of maﬁc and' | e

alkahne mtruszves has been the mam argument agamst the 1mpact mterpretatmm

Iu 1988 a borehole was dnlled to ebtam the necessary mformanon to determme the tme o
origin of the crater and to document and study the aecumﬂated undlsfurbed crater o

2



S | 'record for the southem mld-lantude& Numerous shock metamuxphnsed grams, ami glass

e '_'sedunents for palaeoenvzmﬁmental changes §mce the farmanon nf the crater (Scott, °=
: = 1988, Parmdge et al., 1993) 'I'he drﬂlcure (Fxgute 2 1) reveaied an mtemal Straﬁgraphy '
comprising about 90 metres of céater semments that' are 1mder1am by 53 ‘{I es nf

C unconsohdated g:amtm breccia (Re:mold et al, 19?2 Pattudge otal, 1993), O
' The conﬁnental sed:lmmtary sequénce prmded a: h:gh-msoluﬁon paiaeoenv:ronmental Uj -

B .-'-and melt breceia fregmcnts, were. fourid in tha Eranitic breccla and allr)wed the . , :'_

" confirmmtion ofa,nnnpaf’; origin for the Saltpan (Reimold et al;, 1997, 1992). While the

T dnllmre prov:ded good vertical contrdl of the crater fiﬂ the crater 1ts§jf had: cmly heen
o 'studled superﬁmally, before ﬂae dnllcore hecame E‘vaﬂabla (Eeuchtwanger, 1973)
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| Thé areas autmde of the nm and the pOSSlblhty‘ of occurrences of maﬁc and, alka.hne .

E m\cks in both the wider regton and mthm the crater, have been dtsregarded in prevous T
ik, Although very( ‘*-,;dted, prevmus chronologtcai results Suggest ihat the volcamc o ., _
| _frocks found in the crater are some 13 Ga older th:-m the crater 1tsel’é ﬂle dlspcsmon of o '_ k

' _the controversxal mterpretatiun cf thie mtrusmes needed to be m\resttgated Further

B geochronologmal analysm was requtred mth the nnpmved understandmg of the o

_' oceurrences of the various mtruszves Trace element analyszs was requi:red to reveal

. whmh roek’ types oontnbuted t0 the high mdernphﬂe element abm:ldances detected in the o '.

L crater fill breomas, and taunderstand any relattonships the i mtruswes from the cratei: site :

o __may have mth the rocks ﬁ'om the cxater environs anﬁ the' Plenaars Rlver A]ka]j_ﬂe'. L

| &mong the 150 terrestnal mpact structurcs recogmsed to date cmly two in tha size ;ange Rre
~ofuptod kilometres in diameter, in crystalline target rocks, are sufficiently well exposed
to allow a detailed geologma! analyms Both of these strucmres, Brent Crater and West
I—Iawk Lake, mcated in Caniida, are several hm:tdred million years old. In Cﬂntrast, the' T

3 Pretona Saltpan crater is t.,a. 220 000 years old (Storzer et al;, 1993 Koaberl et al. |

1994b) and has therefore baen far betier preserved than these other structures ‘The
 world’s best sttzdmd m:pact crater, M»tm- Cl'ate.rm Anzoua (appm:nmately 50 000 years' .

old), is formed in a sedxmentaxy target terrain. The size of Meteor Crater is similar to
that of the Pretona Sal*pan m:a,tgr.Jmt the latter was form.,d ina gramtlc basement __

w}nch was overlain by only a thm cover of Karoo sedlmentary rocks A comparison w1th -

Meteor Crater and Odessa Crater, Texas wmﬂd also aid in the structural understandmg .'

and anunderstaudmg of the processes mvolved in producmg a crater such as the Pretana o

Saltpau crater.

Detailed mapping of the crater rim and its environs, together with comparative
pétrographic and chemical studies on s’amPles from the cratei‘ and its enVirons; were

: camed out to mvesttgate the pesmbﬂtty of an assactatmn of the basic and a]ka]me -

intrusives with the cratenng event. A detailed structural analys:s wonld contnbute toa |
better understanding of the cratering processes and would reveal the presence of
~ deformation effects and the distribution of shock effects in a small structure in crystalline

s
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| _rock. Such an. analysls *y‘!lows for a comgmson nf a structure fornied in 2 cxystalhne B e
na, which oceurs i sedimentary targ‘-‘;t R

target to the well-studwd Meteor Crater; Ari

'mcks For the ﬁ:st time, usmg the' aﬂdﬂmnal mformaiwn Obtaﬁieﬂ from thls study,

| _fcomparatwe stmctural, pewologibaf and clwmlcal anal)'ﬁis was Pﬂﬁsﬂm D

Y R ‘ :

W

_:.-_.._Wxth fhe a1d of ﬂ:e stratlgraphy prowded by tha drﬂl—cmg, better n% d l] of
geophys;cal d°ata was possxble Emhermore, a gramy smey af Iugher res olutmn W&s ; e

aic

e .

kS :

{3
N

o eonﬂguratmn. No magnetlc muvey has been camed nut befnre avar the Saltpan crater i _- B
A seoond, sma]ler d@presswn to the sautheast af the main crater whxch was not R
. recagmsed befare and could represent a twm ot sate]hte crater fo the mam crater, L o

mvastlgated geophymcally uémg magnenc, grawty, selsmw and resisumy methﬁds. Ly S P
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' CHAPTERZ ~ PREVIOUSWORK = . = * .

o 2.31_ S'I"RUCI'URE AND' PE'!.‘_TRGL_OGY- | o . N

.-':-3 .

ol The Pretoria Saltpan was ﬁxst descnbed as & unique feature nf "voicamc ongm" By the' o
B trﬁvel—mter Jeppe (1868). A, detaﬁed account of 1ts suzface fon:u or 4 brphalogy was' :

: given by the Bnﬁsh writer Authony Tﬁﬁe (1878) The gealugy of the crater was ‘ﬁrsf’_’_ S
stdied in detaﬂ by Wagner g**azz), who ‘concluded that. it haid been pm&ucecbby a
| volcanic explosmn. His assuﬂﬁptlens were mmnly baseg on the presenr:c of vatious maﬂc_

O R

and alka]ma rock types, found w:thm the crater nmwmch he assoclated “ath volcanism, N |

Ope such product Was 4 carbonat:te, found on the inmer sIopes of the crater Wagner -
| | R (1922) also conc]nded that the crater was of : an explosive volcamc origin on the basis of
| fhe rim structure, which he mterpreted as a sunken caldera wﬂb a typical ring fanlt (to

found on the outer rim was deambed by Wagner (1922, p. 38-39) as foﬂows'} "it occurs

asa sheet of varying t]nckness dlppmg outward in all directions at a low angle, ; and rests! e

: ‘be dziscussed in Chapter 4) ccmparable to that of lmown calderas. The e]ecta bi(eccm'_ o

- either on gravite, or, as in the southem part of the ridge, on "grit.... It i§ uncemented, B
: I_ contains no trace of lava, scoriae, or lapﬂh, and i§ made up antmely of Iargﬂ and small
 angular and subangular blocks of red and pmk granita, at; bther rocks piled irregularly o
on one another.” Wagner (1922) akso stated that he could find no deﬁmte evidence for

‘or against the hypothesxs that the carbnnante is a product of a magma responsible fcr
‘the proposed explosive volcamsm He does, however, dISClISS the saline brines.in the

crater fill sediments as a possible product of volcanism. Bond (1946) maintained that the e

salme brines have j Just the compm‘mon that would result from evapﬁratlon of the m)mial

" gml.md water of the Bushveld granite in 2 closed basm Ashton and Schoeman (1983) L

-carried out hmnologlcal studies on ihe Pretoria Saltpan lake and conc}uded that where -
gvaporation exceeds precipitation, closed lakes such s that at the Saltpan become sahne, L

part;cularly if they reoewe mﬂows sufﬁcient to mamtam a standmg body of vmtcr o |

_ Later, a connection between ﬂm carbonatlie found at the structure and volcanism was
dlscussed by others. For exa.mple, Verwoerd ( 1967) repﬂrted many other occurrences of.

7 S
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. caxbenatlte W1th1n a 50 Ialometre radms of the Pretuna Saltpan in Eis detaﬂed aecmmt _' .
o | of the ocmlrrence, chem:stry and petrology of carhonatites in § uth Africa. aud Snuth _' |
. West Africa (Nam:bia) He suggests that carbonatites eneeunt_xf{edmthe Roodeplaat and
Derdepoort areas (Figure 3.2) are r¢” *tted oceurrences and forther specylates tha:t the o
o Pretona Saltpan Crater eould be the semhemmost representatlve of the East Afmen' L
=y carhonante-type volcanoes and thus was not a member of the Roodeplaat Group (part -
" of the Plenaars Rlver Alka]me Complex) - '

-_) S

e Rphleder (1933) was the ﬁrst to suggest an Jmpact engm for the Pretona Saltpan erater | "
_ As early as 1946, the Saltpan crater was’ listed in & compﬂanen of pnsmble terrestnal | E
- impact craters (Leonard, 1946), and sinee then individual workers have repeateﬂjt' :
s d:seuss:edthlspusszbﬂz.ty vmheut ever prodnemgunammguons evxdence in swg"vmrt eftfns o
. hypothesxs - :

s,

n Aceordmg to Mﬂton a.nd l\a,.ser (1971), the structure, as ongmally mapped by Wagner o |
- (1922), exhibits deformation of the pre-cratering sheeting Jmntsmthenmgramtahy"an' o
~ abundance of folds and thrust, fan]ts on a scale of decnnetres," with onentatwns )

mdlcatmg honzontal or low-angle couples. They concluded that these rainor deformatmn i

. _structures in the ru:a were strongly indicative of an Imﬂact ongm, because of thelr_

- similarity to structures which they observed in other impact craters. They therefore based '

: their conclusion that the Pretoria Saltpan qrater is of impact ot igin on the momhologlcal -

' resemblance to known nnpact craters, thp absence of similar, volcanic crater srucfores -

in the reglon, the apparent young age of the stmcture, and the absence of assnclated o

o volcame products which could be related to the eratenng event. ‘They also presented :
#g "= track ages for zireon and apatite crystals i 1n the crater carbonatites of 1.9 and 0.6

-~

spectlvely, whlch they concluded o be mcompatible thh the youthful morphelo gy '

g the cs'ate-, o

. Feuchtwanger (1973) remapped the crater for a. BSc I-Ionours dlssertatmu and alse o
supported a voleanic ongm because of new findings of vanmls alkaline and peralkahne o
‘volcanic rock types on the inmer crater rim. Wallace (1979) ¢arried out whole-rock

- geochermcal and electroq m1croprobe mvesngauons en some o:f the mtruswes occumng 0

o
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at the stracture, He reported a hlghly alkalic nature’ of the chnopyroxenes and feldspars e
in an "angitite", three carbonatrtes, and four "aegmne-bmute porphynes whxeh he e - o

 atiributes to the rocks hawng been. derwed fmm 2 éomplw alkalme—carbonaﬁte magma
. originating at & minirmim depth of 7-9, 5 kilometres, I-Ie also assume-s thai these mcks
| _have no correlatwes in the surroundmg ragmn. o | |

McNernv et al. (!992) desr:nhed ths freld relatmnsmps, petrology and geochsrmstry of .
- 3 a smte af la.mPrsphyne rocks and breccms of the Greenview lamprophync brecms vent_' | '_ |
S sIong the southem margm of the Plenaars Rlver Alkalme Complex Therr results indicate - |
' that a comphcated sequenoe of events mvoivmg several - eprsodes of explaswe |
‘ Iamprophync intrasion of more than one magma type aru:! generatmn was rcquued to' _'
_ produce the observed mmplex vent structure ’

22 GEO?HYS!CS R

'Ihe only geophysrcal work premusly carned out at the crater isa grawty survcy by::

' Fudali et al. (19‘73) The gravity proﬁles across the crater floor revealed a strong residual,
negattve anomaly asymmetncal with regard to the crater centre. This was mterpreted by "
- themas an off-centre basm, occupied by several hundred feet of low-density sedlments .
_'I'hey mterpreted the crater ﬁﬂ as consisting of two componsnts a lower zone. of
. brecclated gramta, which was assumed to contnbute msigniﬁcianﬂy to. the obsetved
gravity low topped by low-denslty sedlments which were pnmanly responsxble for the e
negative anomaly. Fudali et al (1973) concluded that it was difficult to reconcle their -

resulis with an impact origin for this crater, because they could f:md no compe]lmg .
arguments for an xmpact mg]n and suggested that their grawty data favoureﬂ the ongmal

i explanatmn of Wagner (1922), that the crater was a true cryptovolcano They did,

however state that eIToIS. m their assumptrons could arise from not carrecﬂy est;lmatmg
the sedlment—com‘ttry rock dens1ty contrast the breccia-country rock densrty contrast, or
from mmplac:ng the lower boundary of the hypothetmal breccia lens. Nevertheiess, they |

- concluded that the possible rangé in the morphological characteristics of mpact craters
was muchi wider 1.han previously known and that the variables aft‘ectmg hypervelocrty D
; 1mpact evrsnts were not fu]ly understood Fudalr et al. (1973), like MﬂtOIl and Nagser = -
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(1971), stressed that, in the absenee nf lmpact dlagnosuc features, enly dnllmg of the-:. | L
_ 'crater could reveal uneqmvocal ew&ence for the ongm of the Saltpan crater W1th the e "
" dn]]mg of the eere in the centre of the crater. m 1988 alt the hypnthetxca] pat ) '

used by Fudah et ai (1973), became known parameters B f :

..’

’Q,‘/

o -Gemhronelogmal studms on the. Bﬁshveld Cemplex commenced more tha,n th;nrty years
R agn when the first age detemnnatlons ‘were mide by Nmolaysen et al. (1958) and
o "Schremer (1958) Numerous ages ha.ve been sietermmed for the Bushveld gramte which o
 incinde Pb-Ph ages of 2052448 Ma; and 206330 Ma (Walra.ven et al, 1982). More" -
tecently, Waltaven etal (198?) obtamed an U-Pb zircon age on the gramtes televantto -
© this stndy, namely the Nebo gramtes, of 1980+ 48 43 Ma. Thlswas mterpreted by them '
a3 a minfmuin age: for the Nebo Granite. They attribute the. d:screpancy between the age
obtained and the approximate 2050 Ma Hnut on the BushVeId gramtes 1 be. a o
" consequence of disturbances of the U-Ph zsotepe systematzcs of the Nebo Granite:
zircons. ‘The most fecent crystalpzauon age determined for the Nebo granites is
2054 4418 Ma {Walraven and I'Iathngh 1993). For tms age, de:ernmnatmn on zircons - .
~ from the granite they used the Pb-evaporauon techJﬂIque. Their smdzes support the_ .
 interpretation ‘that other dates obtame-d pnm.‘ to this study, wh1ch are lower than 2054 |
Ma, reflect disturbance of the respectlve lsoiope systems used for the. dafmg 'Ifhe ages. N
(1980-2054 Ma), however, represent the poss:lble range of : ages for the formatmn nf ﬂ:le =
- Nebe Gramte, which forms the target rocks of the study axea | .

As in the case of the gramte a number of dates have been obtamed for. censtltuents of " __
the Plenaars Rwer Alkaline Complex, which forms an mtegral part of the study area,~ -~ .

N Dates of 12904180 Ma to 1330-»!-80 Ma were determified for a swarm of dykes related - °
to the Pilanesberg Complex, and possibly to the Pienaars Rwer Alkaline Cemplex, by
' Schremer and Van N1ekerk {1958) 4nd Van Niekerk (1962). Oosthuysen and’ Burger _

N (1964) reported an age of 1420:]:70 Ma for a Leeuwfontein (F1gm:e 32) sample. {All

original dates have been re-calculated to the new decay constants recommended by

- Stelger and Jﬁger (1977)] More recenﬂy, Harmer (1985) camed ot whole-rock Rb-Sr

o
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" ':' motop:c analyses on elght samples frcm va,nous locahtles in the P1enam:s Rwer Alkalme
Complex The results indicate that this ccmplex was emPIa.ced over & protrhcted hme
_penod between cu-ca 143(} Ma and 1300 Ma ago B n__ e )

.'

'h

Wltun ami‘ﬁ# .,ser {19'.71) presented ﬁsmam track ages for mrcon anﬂ apaute crystals 111 /
: the crater carbana.utes of 1, 9 and 0.6 Ga, respechvely Partndge et al. (1990) ané '; L
_-_Rennold et al. (1991) reparted a K-Ar age of 136 Ga for biutites from'a lamprophyrq 7 |
' sample from the inner crater rim. As was observed by thsse authc:-rs, such ages are
- clearly mcompatible mth the ynuthful mu:p,l;go;logy of the crater. Furthermore, the fact : e
that fragmental gramte breccia averlies Mesozoic Karoo gnts along sections of the erater
rim; also suggest a xelauyely young post-Karoo age (less than 160 Ma) for the cra.terlng_-' -

event (SACS 1930)

o) Pa:mdge eral (1993) not:ced ‘broad sedlmantary cy&e& in ﬂ‘ p ri’&h :'-"‘%, "vvhiéii v .

~ cormysponded with major phases in the evolution, of the rra:s?r Lmﬁupeﬂigiésed were Ay
| cychcal patterns of"*acmmulauon reﬂectmg anwmnmema‘i c:hanges on mtuenmal o
. ‘seasorial umescales These authors ca\meu Jut “C age deteﬁnm..atmns of algal debris

from the upper 20 metres of the core sedlments The results of.mzned ’ndicated amean

| _sedlmentatmn rate of about 1 metrejZODO years, This accumulatmi}’ ate mdlcates anage |
o of approximately 200 000 years for. the 1owermost crater—ﬁli sed:men,ts

: _Storzer etal. (1993) recovered glass ﬁagments from granitw bre¢c1a of the core. SeVera! L
o ‘hundred of these sub~mﬂhmetre—sxzed blassfragments were studled for ﬂssmn tracks The'- N
~ results of then: studies gave. an age of 2205;52 ka, whmh is in excellent agreement with
the extrapolated e age (Partndge et al, 19(93) for the aecumula.non of the crater |

sediments and with the youthful murphologlcal appearance and goud preservatmn staxe -

~ of the crater. Despite this wcll-estabhshed age dichotomy for the cratering evet and
volcanic introsives, the proponents “of the - cryptovolcamc hypnthesm conhnued to B
emphamse the :mprobable commdence of an impact event 111t0 an alkalme volcamc area. L

ZADMLIEORERESULTS .

. Prior to the detaﬂed mappmg, nnneraloglcal, and chrﬂnalog:tcal stu.dles of 19%1993 (thls

\‘\- L. ) . . RN
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o '?'.work Rennoid ot aL 1992), 1o uneqmvocal evidence for annnpaet ongm of the Pretona |
"Saltpan crater was available, aud this hypo\thesm was based entirely on morphological

obsewatlons {such as the circulamy of the stricture and the relsed nm) ’I'he alleged

j'IocaI assoclauon o volce.mc rocks was still w1dely regarded to favour a vdlcamc (i.e, ;' L -

Several shallow boreholes had been surk intorthe crater sediinents prior to 1972, The o
| :.".Pratley Manufactutmg and Bngmeermg Company stk a borohole to 172 meh"es qsmg _. -
- a rotary dn]l Core reoovery was poor. aﬂomng foo no ﬁrm conelusions on the on%ﬁn of i
 this structure A more detailed mvestlgaoon of the Pretona Saltpan crater began in 1988, I
© when a borehole was sunk to a depth of 200 metres near the centre of the strueture - )
- through the crater fiil mto the subcrater basement, This second attempt was made wnder . -
 the direction of T. C Parmdge, usmg a cemhmaﬁon of mbe-samphng and rotaxy dnllmg a
o techmr.lues 'Ihe two main’ arguments for ﬂﬁs project were a) that%‘aeﬂater sediments,
" undisturbed since formation of the crater, presenteﬂ a umque souree of palaeochmatl.o

and palaeoenvxronmental mformatmn for the mld-lahtudes of the Southem HemzsPh ere, _

~ completely unrivalled by any other site in the Southern Her:osphere, and b} that only

dn]]mg could provide conclusive evidence of the processes that led fo the formahon of

. the structure (cf. also Mllton and Naeser 1971 and Fudali et al,, 19‘73) Thls research '
| - project utilised a muln—dlsolplmaw approach in order to allow full coverage of stll aspects

- concerning omtermg—relatedprooesses, aswe]lasl)ost-cratenng sedlmentation, ]mological '_ '

E aSpects, and paleoenwronmental studles ' |

 The straugraphm column (after Remmld et al, 1992) for the dnllcore obtamed isshown

L. in Figure 2.1: apprommately 90 m ot crater sediments, mclud:ng several Ahin dehns flow
* units, are underlain by a53m thlck it of unconsohdated ﬁ'agmental brecola eo:ns:stmg .' a

of granitic "sand" mtercalated with fxactured granite boulders, The sand oontams asmall

-': amount of dsatomrce, siltstone and shale of Probable Karoo age (these hthologl es would -

- represent the upper thin veneer, on top of the Bushveld granite, of the pr&crawﬂng

 target stratlgraphy) Kerr et al. (1993) have classiﬁed the upper 15 mette: (SPO to 105

* metre. depth) as a "transported, temgenous gravel and sand". This they attribute to sub- |

| a.ngular and rounded grams preSent in this 1ayer However, Kerr et al (1993) have |

12
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observed that the mmeraloglcai z:ompasnmn of ﬂus secnan is essqutialiy the same as that

: .: .'__-uf the unzlerlymg 40 metres, and contams an. abundance of clear to browmsh glass
- _fragments.ﬂ?hexr descnption of this 15 metre. Iayer suggests a cratenng-thmw»back prxgm
. '_"rather thari their interpretation of transported sedxments Below this breceia strongly

| i_fractured and Iacally breccmted Bushveld gramte was mtamected A dlscrepancy e:usts

- concermng the lower llrmt of the *breceia’ layer, tha.t 1§, ﬂae boundaxy separanng the fa]l~ -
o btk bracma and the antochthonnus fragmented grarite, Parmdge et al. (1990) placed
“ o this houndary at 151 matres, whereas Rex old et al. (1991) placed !t at 143 m.e.tras (see
'._“_'Chapmr 5 for an mterpretauon of the. s?bsnrface stmcture usmg grawty mudelhng)
__Nevertheiess, _the amoun- Of caherent gramte steadﬂy mcreases to a dep&h nf ZOQ m,
B whem sohd baSement was reached and dnlhngwas suspended PR

: :j&uﬂiw: iuﬂn’

it {3 0] penviesstrogmants <3em

a : mmmﬁﬂmwanh adem

I P27 Erigtarsd qrariite
= -sm qranits -

: * Y5ePBtm ling coharent gronte, .
' mthln :und-pnrtiul raeﬂmy

o5 Yytanit .

.

Flgure 24 Resum of the 1988/1989 dnllcnre (from Rcmmld ot al, 1992) A

13
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| Censequenﬁy the brecctalayer\f classxﬁed as anumonsohdated eq'- i .
o brecela (deﬁned as a, fragmental breccia w:xth a melt cOmponent Herz, 1965), known:
~ from many confirmed mpact. stmctures (Remold ot al, 1991 1992* Rezmold andﬁ o

) Koeberl, 1992) “

ent of "suewtlc

o Unbl nud-1990 enly the bottom part ef the drﬂl core (fraetm:ed and ceherent baeement) _' )
o as well as selected g:ramte samples from the eraternm had been studzed and ne ewdence_. _' |
o fu;: unpact~d1agnastw shock deformauonwas found (Partndge et a],(o 1990) I-Iewever, o ,
-~ soon as the sandy breccia at mtermedmte depths was studled petmgraphicaﬂy, not enly RPN
o werea Jarge mimber of shock metamorphosed quartz and feldspar grains observed but o
" also abundant glass and melt fragments were poted (Reimold et al., 1991, 1992), 'nmsi_ o

' in 1991, the first definite evidence, in the farm of bona-fide (impact diagnostic) shock

. metamiorphisin, for the origin of the Pretona Saltpan erater by met.eonte impact was
; - presenred In addmon, glass and melt fragments, often conmamng abundam sulphlde : - o
o spherules, were dlscovered Instmmental neutron actxvatzon e.nelysas was used te conﬁrm .
o 'the pxeaenee of a small meteontlc eemponent in these glass and melt fragments

L T.he fcvt that 1o shoek metamerphlc effects were detected from granige nm and crater o _
o ﬂeor would not be in conflict Wlﬂl an zmpaet ongm, Other l.mPact structures of similar .

| size do not display sheck effects in rim or hasement rocks exther obmuusly the impact |

- of re]atively small prolectlles dees not release sufﬁment energy (Dence, 1968) However, |
in the course of the recent d led mappmg, a mlmber of 'breecxa occurrenees and .
_ breecla ﬂeat specnnens were collected fmm the rim and fmm the crater ﬂeor, i

‘-

respeetwely, some of whlch contam qnartz grmns mth shock deﬁo:matmn (see below, -

above a volcamc vent

S

. Nota trace of voleamc mek was ol:.Served in the drlllcore Both the dnllmg reSults and o '.
geophymcal data (Chapter 5) re]ect the posmblhty that the sirué’ture ccmld be Iocated _



R 1 N

- _'361 GENE#AL'GEOL&G? o

.

T,

co

- An area of appronmately 200 square Iolometres surroundmg the Pretona Saltpan was e o
- mappod 'I‘he area covered by the shutﬂo photograph (Fzgure 3.1) coancides._ o
B apprommately mth the roglonal geologlcal map produced (see msert mthe back pocket) o

ARV

TR

=

o Figm'e 31 Shuttle photograph (STS 273990 courtesy I_unar and Planetary Insntute o '

Houston) of the Pretoria Saltpan crater and its enmons (north is at the top). The blaok '

. circular feature in the centre of the crater is the crater lake. The ejocta blanket extends .
~for about one crater dlameter around the crater. The sonth-north ﬂowmg "Soutp

stream flows just to the east of the ogecta blanket.

15
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. -mapped area is Iecated only about 10 kilo mie
' -Alkalme Complex (F:gm:e 3,2 shows the

. more detail later in t]us chapter) |
| | 1N T P
S 1 08 | ‘_'. .I.emprop wyﬂ%gpacclas B
| N ° . e gﬁ:ﬁfm Syenliea

_,=.-_——'.._~'='=-

. The entlre study area iy set predommanﬂy\m Nebe Gramte, W}nch is the mam gramte_ o
- type of the Bushveld Complex and mcluc.‘ies the Veekraal gramte the Sekhﬁkhune R
o gramte, the Steelpoort Park gramte and gx”amtes in. the Patgmtersrus ‘and Vﬂla Nora- o
B areas (Coertze et al,, 1978), and is shown a5 tkhe Ix:bcwa Gramte Suite in Fxgare 1.2. 'Ihe‘ o
el from the margm of the P:enaars Rwer
| istribution of members_of this Complex).
" Various rock types from this complex were ueed asa cempanson to mtrusmes found m'_ o
- the mapped area (see sectlon on petrography,h Chapter 6) Gramte eutcmp xs gcnerally S
: _dxscontlunaus ‘Ihe la:gest caherent outcrop a;}'ea obsemed cevers a 20x20 metre a;rea.-'i'_ i
. Large parts of the- country-mde are covered: ‘by coarse sands and gnts @nved from
_weathenng of the underlymg Nebo gramte O@a m-eas are ‘covered T oy Kame orby
_ ailuvsum (mesﬂy sand) see regmn.ﬂ map msem in the back pocket. The near-mnface o
-. _regwual strucmre thax emsted at the tlme of(‘ 1mpact and whlch ha.s et changed:.'_r"
B mgmﬁcanﬂy since then cons1sts of mmor faults Qsee regional map msert ig, f.he back

pocket), a sub«honzontal gomt set, and three sets def sub-verucal _]omt sets (dlscussed in o

] s Mitsine Volcanics
@ andeeleaﬂce

D Sfudy Aree
Haﬁ

T *5"‘57

N ﬂum*“" A
. i
. Hod - afad . L . }f

Figure 32 anauon of the Pretorxa Saltpan and mapned surruundmgs wzth respect to
members of the Pieniaars River Alkalme Complex (modxﬁed after Harmer, 1985)
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Numemus small mtmsu?es were observed to crosw;t the. gramte; at vanous localihes m

the mapped area (see rffr?nal map ert in the back pocket) 'I'hese mm:sw.cs are
lamprophync or trachynbi:m composmon, and it will be shovm that they have vezy mmllar

B mmeraloglcal and chem;tcal oampusﬂ.ions compared 1o the mm.swes occumng at the L S
) erater site. For acompanson of the mmerafogy and ahenﬁstry af the crater tin: samples o
and samples &om the  crater envn'ons# refer to Chapters 6 and 7, rqspectweiy Two _'

| 1ampmphync outcrops, wmch have heen reasonﬁ:iy fp:eserved and ar _ weil axp‘bsed, wﬂl
sewe as examples of. im;msmes occurnng m the: cra‘ter envmns B :

. n .

'Ihe first of t’hESe mtruslves ?Sample 2.1—B) uccurs appromma.tely 9 kllﬁmettcs ta the |

sputhwest of’ the csater and is exposeﬂ in a p:pe—hne trencil. It mimdes weathered gramte
* in the form of a sub-vertical dyke which feeds a crude sﬂl-er feature (Fxgw:@ 3 3). At
the same locahty other smaller Outc:mps in the form of vems Iess than 20 cenhmetres
 wide or smngers of the same matetial were observed, Figure 34isof such an mtruswe,,
‘and shows a very sharp contact with the granite. The mmmophyre is slightly ﬁner—gramed
and appears to be more fractured at the. conta.cts Most lamprophyre at thls locahty is
extremely altered and is. typlcaﬂy replaccd by lron—onde Fxgure 3.5~ s,]mws anothcr
- cxample of a Iamprophyre vein wzth sharp contacts to the gramte count&y rock.

'Ihe second accurrcnce of a, welbprcservad Iamprophync dykc (Sample 23-D) is hmmd

apprommately 5 lﬂlometres to the souﬂxeast of the crater (see reglonal map) 'Ilus dyke o

(F1gurc 3 6) is only. 5 centlmetres wmde, butis well preserved and unaltered 'I'hls
Idmprophyre is. ﬁner-gramed than the 0ther lamprophyre sampl&s dxscussed p;:emmusly,
‘most Iikely asa résult of its lesser width: Lamprophync and trachytlc dykes occur at most
. reasonably s:zed (ie,at least 5x5 metres) gramte outcrops, mdlcatmg that alkahne and

- mafic mtruswe actiyity is pervasive throthhnut the mapped area and not rsstricted to the o

crater site, w]nch was prewously belleved to be Oﬂ:lc case.

=L
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Flgure 33 Lamprophyre dyke. wnh a cmde sill-hke featm:e found m the cra,ter envuons
(Sample 21-E: see regmnal map msert for locatmn) SRR R @
. Y

Flgnre 34 Gramte (at bottom) lampmphyre contact relatxonsh1p :Erom the same loca.llty
8 Sa,mple 21-B (see reglonal map msen for locahty)

i . . . -
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Two types of xenoliths were ebserved in the gramte in the mapped regum. Fzrst, a gner.e i

Flgure 35 'I'yp1cal appearance of altered Iaumphyre. The dark colour on the weathered
surface is the resuit of 1r011 stammg The lower pa.rt of the outerop is the granitm eountry
rock.

| grained granite hamng fhe same mmeralogy as the Nebo gran.te (Fzgﬁre 3.7), and second,
- an albitic goeiss (Fxgure 3 8), the composmon of wh1ch 1s disoussed in the sectmn on- -
- mmeralogy (Chapter 6). Both types. of xenolithis have & sub-reuﬂded form, probably due'

to reworkmg or margmal {neltmg cﬁld 1oss of matenal to the younger ] host x%‘tamte during

_ emplacement The ongm of theee two xenohth types was net conmdered as they clearly |

are unrelated to the other mtrus:ves encountered in the mapped area. o

19
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Eigix_re 3.6 Thin, well preserved lamprophyré dyke (S-ample 23-D: se’é regional map for
~ locatity). Note that this dyke has nght-lateral stnk&-shp dJspIacement

e 2 Bk
LA i A

Figure 3.7 Fine grained gramte xenolith, occasmnally observed in the Ncbo gramte.
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Fxgure 3.8 Albltic gnelss xenohth observed at one Iucahty (appro)ﬂmately 3 ldlometres =

" tothesouthnfthecrater)%ntheNebogtamte o o L ‘“

Vemmg } A ,( .

BRI

_ Quartz veming in the gramte oecurs at vanous lé:tahtzes in the iuappé\l area, Nowherc _

is it seen to- cut the Karoo sedxments, Other vems (1 to 5 centlmetres in widih) of o
granitic. compamtmn, and which appem- o be the result of remgbilized quartz and
feldspar due to. shearmg (ewdencedby the ahgnment of parncles alcmg the strike of?é-

 feature), are found at a mumber of 1o_caht1es. Flgm'e 39 shows suhh a vein which),

located approximately 3 lulomehemo the west of the cmter. Thesq linear. ﬁeatures are
usually contmuaas fora dmtance of about 5 metres, They appear to ﬁie unreihtad o the _' E
cratering event, as they often occur some distance from the crater. 'ﬂhey also have ne .
| prcferred orientation mth respect to the crater (1.::., radlal or conceﬂtnc) and rathcr'

appear to be part of or a resuit of, the regional defonnatmn. '_ ““‘a o
R "
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lﬁgure 3.9 Remebﬂmd quartz and feldspar ina sheax zene, enceuntered m t’he Nebo )

G,Jramte ata lecahty 3 5 ldlemetres to the south of the erater. o ET SRS

TS

PR L )

) Vanous Kaxee sedment types may be found at d:fferent lecahues (see i‘egxenal map_.
msen) within the mapped area. 'Ihese mclude the abyndant grits, also expesed at the
crater, a sandstone vanety, a paracoﬂglomerate and a shale The Karoe sedlments ate n X

expesed aleng dennded areas such as nen—perenmal stream beds and ve]iwle-emded

secondary roads. The gnts vary in ﬂuckness from a few centimetres to appre:t@mately 15

meires. They are eompnsed predommdnﬂy of gramte-denved matenal as ewdenced by
the clast types (mestly sub-rounded quartz grains). 'Ifhe Karoo gnts lie uneenformabiy

on the Nebo granites (Figure 3.10). This figure also exhibits tiie typical oceurrence of o
these grits. The granitic surface on which the grits lie is undulatmg and represents a

hmtus during which erosional processes could st onwhat appears to have been for seme
- timea stabie suxface. The gramte is motre weathered at this surface, mdlcated by the
- Preservation of smaller gramuc ﬁ:agments which represent the. initial stages in the

breakdewn of the original gramte surface In general the Karoo sediments are not as | -
altered a8 those encountered at the crater site. 'I'his has been attnbuted fo the. fact’fﬁ‘k% o

.'-P'
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rock at the crater site has been ﬁ'ac’tuxed and brecc:.ated o a greater extent alluwing

- mﬁltrauon of surface water, whlch wm:xld enhance the natural wgathcnhg pmcess.-'

Sometimes the gnts are unaltered, bt ncrmaﬁy they form tabnlar masses nf fermglnous

Iatentw gnt. ’Ihe gnts may me ‘crnde’ suquﬁcqﬁen ar honzontal "ba.uds a few:_.. ’

o cenumetres i mdth. The gr,its are mmposed of suhangular to rounded grmxls of quariz
) havmg an average d1ameter of 3 milhmeh‘es Strat!ficaﬂon and, to some ex &ng gradmg
of the gnts is well—exposeﬁ in. the eastem sectmn oi‘the mapped a.rea m nve; heds

(F1gure311) U e e e

i

. Figure 3.10 ‘Iypxcal occurrenoe of Karoo gnts unconfonnably overlymg the Nebﬂ gramte. N

T.I.w hammer has been placed on the cdutact

. = LI \_...
A AL )
S . i
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Fzgure 3 12 shnws a poorly sorted polymlct para,ooqglomerate whtcia was only 'nﬁserved

© in the eastern section of the mapped area, The clasts ctms:st of vanous sandstnnes,
- Jasper, and vein quartz and may be as large as 5 cennmetres in diametex

b
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' Figute 3 12 Paracnnglomerate bel(;ngmg to the Karoo sed:ment mute, as encountered 111

the smdy area' "Q-\h_ - .. o L )



I the sout]:lern sectmn of the mapped area a snmlar but much coarsar—gramed
: paraconglomeratewas ubserved \mth clasts as large as 25 centlmctres in diameter (Flgure_ -

3.13). The clasts at this Iocalit}! are poorly. sorted and may be angnla.r to munded The.

fact that the sediments are nutlceably coa.rser-gramed, ‘more pnorly sorted and ‘more

. _angular in the south all pom% 1o a southerf, ‘source “area: for t]:le Karoo sedlments_ o

encountered in the mapped area. Other sedunents found m the sa.me area mclude a

. planar cross—bedded medium-grained sandstonc mterbeddcd wnh gnts and a massive
'_shale..__'l‘o the. northwest of the crate;\a boulder of gnts interbedded wzlth sandstone .
 contained a thin (2 mﬂhmctres wide) carbon’ seam, The origin m‘.’ this boulder s

unlmcrwn, as it was found in a stream bed but presumably forms part of the Karoo . _'

 sediments, 'I‘he Karoo sedlments are knuwn to be rich in caal 11?, many parts of the

Cﬁuntry

E‘ngurt .5. EB Paraconglomerate enoouﬁtered in the southem pOI"!.Oll of the study area, The.
large clasts mp]y a prommal source area. '



.'.Recogmuon ofsmall crafer forfm . o _ . S
A second smaﬂer, mrcular depressxon about 400 meters in mmter s1tuated 3.5 o

o -kﬂometres to. the sou‘theast of the Pretona Saltpan crater is suggestive of a twin crater‘ _.

. Pretona) S S - Lo B

N vegetated by vanm grasses and’
- mvestxgated before, vanahs geophys1ca1 surveys were conducted. -

Figure 3. 14 shows thls feature m relauon to the posmon of the I’re*tons Saltpan crater. e

Flgure 3.14 Ihe locatlon of the sma]l crater form in relatmn to the posmon of the.

Pretoria Saltpan crater (Drthophuto Numbers' 2528 AC17and 18; Govemment Prmters, -

i

An aerial view of ﬂ:us crater form (Flgu:e 3. 15) shows the perfect c;lrculanty nf the_ .

 structure, 'I'he feature is appmmmately 3 meters’ ﬁeep, measursd from rim "crest! to -
-floor, and cxcept for 10w~1ymg, scattered Karco sedlment oocurrences, no outcrop is

present, This outcrop may be seen ona contour map in Flgure 5.11, F:guré’ 3.16 shows .

the lack of relief at th}&ts, _whmh is ‘more readﬂy racogmsed by the change in

| vegetatmn, Larger trees *f’fmt ' %ﬁ 10 grow in the mud-fifted centre ‘which is only
uwfsmau shrubs, As tlus sﬂe had never been

26



- Figure 3.15 Acrial wew of smaIl c:rculaf%:%#er form to the southeast of the mam crater
5 _(dlameter AuA’ i apprommately 400 metres)

E’igure 3,16 View of the small crater fonn towards the south Note the small changes m
rehef towards the far nm and the change ir

N
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Dykefearure o

tlns f-samre, thexr mterpretatmn and mplicatmns wﬂl ‘be dealt thh m Chapter 5

- | The mterpretatmn of ﬁla regmnal 101111: and fra :' urey
analyszs of vanaus mqmsures in nine d]ﬂerent ar

A la.rge east—west trendmg dyke feamre appmmmately 3 kﬂomejres to the north of the;; )
~main crater was mted on the 1:50; 0{10 regmnal aero—magnenc map. No autcmp ofthis
highly magnetic feature Was found 'I'he results of tﬁe maglletlc survey cdrned a:mﬁ avcr'_'”'_". |

_ tem 15 hased on the stmctural ’ o
£ (shown 111, P&gure 3.19), each S
mdmdual area tata]lmg a fow 1‘:3:112 mthm qn area of 200 lcm’ surroundmg the Pretona R

B Saltpan crater. A coﬂhpm‘ison of the fracture pattﬁrn thhm the crater rim exposures to -
. ._ - 15 that of the umpﬂuenced crystallme basement of the wider envxrons gwes an mdlca.tlgn -
L to what extent the impact affizited the target rocks, Criteria which allowed for 2 rehable o

o pre-impact stmctﬁres and an 1dent1ca1 tectomq hlstory aﬁer the nnpact event.

.\

companson of the crater to the surroundmg area include: the same rock types, wmla,r

o "011 the e.xposed rock surfaoes in the form of typlcal gramte-doma—type outcrpps exposcd o :

in river beds the Jjoins commoniy exinbxt naArrow, closed parallel, and mdely-spaccd

fracture surfaoes (Flgure 3.17). The }omtmg is espema]ly m-.]l expoSed in crosmnally— S

smpped non—perenmal nver beds. Only the stnke 0nentat10ns of such joints could be o
. taken; as often no clearly defined surfaces are present ot this type of outcmp that wodld .' - ._

'allow dip measurements Other outcmps associgted w1th steeper topography, such as |

© river gu]ley walls, may exhibit joint sets, op which- both a stiike: and a dip could be
. measured These outcrops; haWever, a:re not common in the mapped area. and therefore |
| only ]0111‘[’. steike analysm cout?* - \ptirformcd with the avmlable mformauun |

"-_'
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mgure 347 Typical gramw amcmp smwbl f:omtmmm analysm o

Mo dlsplacement of adjacent sides’ of }omts Was observed although Jnmt and fault

d:splaoement is not easily dewrmmed in what was often mtensely weathered gramte. The - ;’ 3
mdths between fracture surfaces are generally nncroscoplc, but conld be up to a'few S

 millimetres in mare weathered areas. The dramage system of the study area. is controlled
to some- extent by the regmnal stmcture, particular the joint pattern Some non—
; perennial stréams have resulted from the mtense weathenng and erosion of Jﬂmt
fractures, to such an extent that the ongmal ]omt ﬁractures now dlctate and form the
 viver paths, which may form channels np te. Several metres acmss F:gure 318,
| photographed appro:ﬁmately 2 knt to the south of the crater shows such a river, whose
- cuurse 15 ent:rely oontrolled by the goint 7;1:5!.1.1(31‘:}.a m partlcnlar the noﬁheast—southwest
JOmt—set

oL
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Flgure 3.18 Rmr paths are strongly mﬂuenced by Jom:t onentatmns at oertam pomts_ -

'along theur paths

In addmon to the verucal jointing aIready dlscuﬂsed an mportant Jomt set occurs at'_'

" most outcrops in the regmn in a horizontal to stib-horizontal orjentation, These jﬁlﬂts are

* most probably the result of uphft and denudation of the regwn, resultmg in the release
of stored elasuc stress in the essentla]}fy sohd rock. These extensional or stress-reiease
 joints are partwularly useful in determining dips in the granite at the crater site, as

. elsewhere in the mapped area they a:rc\mostly honzonta], mdlcauve of the pre-uapact -
o condmons (see also Feuchtwanger 1973)

The patterns. of the regmnal joint and fracture onentatlons measured at the vanous _
localitles (mdwated by numbers on 'shc reg;lonal map) are shown in Flgure 3.19.1t should B
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o

be noi:ed that these jOII.lt onentatlon dlagrams shuw a few dlfferenﬂy omentated ]omt

o systf;xﬁna1 It 1s mpnsszble to try to e{tplam the origin of evexy gomt set at °the avaﬂable
o ontcrops, as eaeh locahty exh1b1ts a umque. jomt patzem and hence a unique strucmral
- domain, possably as & result afgmaﬂ differences in tectomsm ihxoughout the mapped

area. Instead, the overall JOIIlt patte(v Lﬁﬂze mapped a.re& was determmed ‘by combxmng

~_all joint measurements, wifich resulted m a typmal _10121!’, pattem wmi three pronnnent

...1101111: anentatmr;s (Flguxe 3.20) e _- T T

¢ apmmes

. _r.:'
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Fxgure 319 Jomt pattems measured at nhne dﬁerent Iacahtles in the study ares (for
locahnes see regmnal map msert) Number of measurements denoted by I. .
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me Flgmre 320 1t is evxdem that the most promment ]01)31 dn'ectmn in the Bushveld
< vanite in the enmans of the Pretoria Saltpan crater is apprmumately north—northeasp

“to south-southwest A second system, which is shghtly less devemped, is. approxnnétely
_nurth—narthwest to south—sautheast, and a third, and ieast developed of the three sysi:c;,ms,
s oriented east-west; The guerage spacmgs between the jamt& couid aot be estlmafed

| accurately, because th‘ev »;;J&‘led .fmfn tens of cenﬂme‘ues tq ,4 fe*ﬁr meﬁres. s

ey - . . (
o o : : N I
e -
L
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] Figure 3.20 J oint patmm for the entiiz craf:er envuons, obtaizied by combxmng all jomt

. .onen*aﬁons measured in ‘the study area (n-690)

_Joints, faults, er '_plmes of _WeakneSS in fhe_ fargét rock have i)gen shmm to play :'_a- role -
in affecting the final crater form (Melosh, 1989). However, due to the complex riature

* of the regional jomt pattems encountered in this regum, no attempt has been made at-
' correlatmg joint pattems and crater shapeu iy

3



| _:Fam‘png may be observed om an outcrop scale m tho gxamte ’I‘l:os small-scale faultmg .
is goﬁ“rally truncaiod at the granite~grit boundary mdicating that t]:us faultmg pre-dates .
“the Karoff‘edgments p:splacement of the otder ofa Iew oennmctres was noted on some
~ of these faults, but they are believed to have httlo mgmﬁcanoe in'the mterprotauon of-
~ the roglonal hnoaments whlch were noted on tho a.énal photographs

- Regaonal Imeaments were stud1ed on aenal photographs (seo regmnal map msert) and‘_'_' )
: _' are probably contmuous oxteﬁsmns of the 3omts observed on,g smaller scale They a:re" -
o t.horefore mterpxeted as master Jomts rather than » maaor faults (whlch however, cannot . ':
be oompletoly excluded) The reason for this deduotiou Js that the rose dlagram_; o
_' represennng the overall strike anomahes of tho regi& fgomt séts can goneml],v be - o
o .‘:'-matched 10 most of the Imeaments wms'gh were observed on a macro-scale usmg aenal_, . -
o _photograpmc methods ’Ihe orientations “of jomi‘a and WMros in the crystallme L
o 'Ihasoment ontmde the crater ‘do not exhibit a strong homogezroous ond characteristic B
o pattern, such as that foond around the Rochechouart impact. stmof&ro (Bischoff and
© Oskierski, 1987). T‘hx&may be attributed o the fact fhat close to the ccrahor no outcrop- o
s prosont and mstoad is oovered by a thick layor o{ gramte-denved sauds "

i

Some hnoamonts may represent reglonal faultmg. Th:s omld not bo venﬁed as no
. 'surfaoe exprossxon of faultmg is present on tho ﬂat, thlckly so:l—covered surfaces where_ L
th’eso photohnoamenm were noted. I this is tl:le case, the regional faultmg trends would | |
. be subparallel to the promment ]0111t sets. An importzmt observatxon, however, is that m .

eement betwoon tho ]omt stnkes and tl}a p?:otohneatlons can bo obsomed i11 tho_‘-__ o

| Asa rosult of the reg:onal joint and fracture (]mea.mont) a.nalysxs, 1t can be, stated that -
the a.rrangement of the _]omt systems in the enttre area outside the impact stroctute _
originated ﬁ-om normal- tectomc processes and was apparenﬂy not affected by the -

impagting event, This does not apply to the crater rim Jomt systoms dlswssed in the o
| foﬂa'm chapter ST A :

TR



CHAPT¥R4 - . CRAYER GEOLOGY
e 4_1 GENEEAL oEoLoGYAND CRATER Monm-fotoo‘f

\Q

| _Aithough terrestnal xrnpact craters often exhlblt struotural pecuhannes whmh aro uot o
. predicted by any modol (Bi‘SC]JOﬁ and Osloerslu, 1988), smdles of the surfaoe geology of .
- acrater is an important pf%reqmﬂte for the Teconstruction of crater development The

| : ProtonaSaltpams abowl ’
| with a maximum rim olcvauon of 1191:1 above the proscnt crater floor ‘and 60m. gbove
the sm:roundmg plams It occurs wholly within the homogeneous granitic rocks of the

_ depression formmg a glgantw amphltheatral dcpressxon " o "

~ Bushveld Igneous Complox The rim is made up of mounds and ridges separatod by o
| _;_saddlo-shaped gaps (seo Flgure 1. 1) | )

. '.Eho inner slop'es of tlio' crater sre markodly stoepo'r than the oo{e'r slopes with gradients

 up to 36° and bocommg more gentle down slope. It was found that four slope types, -

dlfferentlated by gradn;nt, can be dxstmgumhed on the mner crater rim. These four types

have been shown to have dlsonoove sedimentary ohoraotensncs (Brandt 1391) The
_.lowormost slope, whmh is essontlally level, is composed of a saft, sticky mud. The nekt

two siopes, referred to as the lower and m.tdr;le slopss, with average gradients of §° and

16°, respectively, are oomposed of sand (gtan}te dotntus) and rare granite boulders The S

upper slope consists 6f 4 thin layer of weathered granite and many loose ftagmeotod
‘granite boulders, as woll ag some boulders that appaxonﬂy are in 51tu ' '

'On the outs:{do, the orater rim. nunally falls ste.eply and then gradually changes slope to

7 the level of the relatively ﬂat surronndmg countryside. This ooter slope oons;sts largely
. of a]luv “1 detritus and varies int length, but is on average 500 meﬁres long. The exact

limit of the cjecta blanket (visible on aenal photographs in the form ofa 500 metre wxde -
zone) is obscurod by the denmdation and erosion of the rim aod probably somie
reworking of the debris ejected from the crater. In 1991 trenching at two sites (150 and

'-800 metres directly north of the northern rim) was camed out to determlne the nature

. of the deposits outmde the cratar nm Both trenches were approxxmately two metres
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'deep and levealed the fo]lowmg (Rennold, pers. comm.) tﬁe trench furthar away fmm o ;

o the rim (800 metrey north of the rim) consusted of typical Weathered gramte down tﬂ‘a’ _
- depth of 17 metres, after whlch 0.3 metres of solid granite was encountered. ’Ih:spmﬁle _

exiublted no ev:ldence of ejected granite breccia. The closer. t:?ench (150 metres north of S

the mn) cons,lsted of an upper 1.8 metres of crudelﬂ‘ stratxﬁed ma::se-gramed immature |

h sedlment (anguiax as the dlstance from the rim crest is not S!Jﬁl(:lellt toroind fragments) N | -
From 1.8 metres to the Limit (two metxes) of the trench a poorly scrted: eJecta deposlt S

-contammg angula.r t‘ragments up to. apprommately ten &entlm?;tres in dIameter, was o

~ observed, Much-of the nngmal ejecta, blanket has been retnoved by eroswn and 1s" P
characterised by large blocks of granite in certain places on the rim and hmnmocky o

- topng:aphy for several Imndred meters beyond it. The blocks are usually Targest on the -

_m:u, presumably because theu- ejectmr; velocxty was Iowest Outcrops of see.mmgly--
undistorbed gramte’blocks may he founﬁmthe north on this gradually descendmg slope. B

' Some of these outcrops, due to ﬂ:leir qlevatmn with respect to the surroundmg area,

- appeax to be the m-plase uplift of tre pre-lmpact ground, as a consequence of

deformatmn related to the cratering event Strong honzontal compresmve forces push _
_'uutwards from the crater centre as it grows, fractunng the rock and squeezlng it upwards
(Melosh 1989) o . '

. {\'

A 'broad, shallow (up 10 2,85 metres deep - Ashton and Schoeman, 1983), saline lake,

which contracts and expands with seasonal precipitation, cvcrhes a thick succession of =
lake sedlmenfs i the centra) area of the crater. The lake i also fed hy two springs . -

-1ssu1ng from the Jrater floor where drill cores were extracted for research purposes, The
~ drill cores mtersected & sandy aquer the suevitie breoc:la between 90 and 152 metres "
depth (Partridge et al., 1993) and as the level of the crater floor lies below the wates

table, the water conunuausly ﬂaws from these holes. Prior to the dnlhng, the crater was
B Occupled By a shallow seasonal pool.

<3

o _ “The pre-impact condmom were nndoubtedly sumlar to those seen in the surroundmg _

counityside at present, that is, a broad expanse of generally flat terrain consisting of a
crystalline basement ovetlain by a horizontal to sub-herizontal veneer of sedimentary

rocks of the Karoo Sequence. 'Ihedramage systesn in the study area :cénsi_s'ts. mo's'tlj‘ of

3%



o non-pcrenmal streams w1th an everall ﬂow directr.on from smr_th T
. -fpaftem of the “Soutpan stre wlm:h mds arcmud the o

- Crater, -Ac
- -controlled

' "_'_Intr&.nves \ _ - _ . .
| :Smﬂibasw anﬁalkalme mtruaves axepresentonthenm.’lhey arepamcularly abunﬂant_ S
- on {he. norl:he rim, with a few uccurrences elsewhere. The crater map msert (in the |

’ : t’he occurrences of mtruslve auﬂ the athe.r struetura.l features .

. dlscussed iif ﬂns ¢ch 'pter The mtrus1ves include lamprophyre, cm:isﬁtuﬁng most of the |
| intrusives, trachvte,p onolite ancd caxbonaute Most nfthese rock types occurmthe form.*' O

of vcms or dykes and\posm'bly sﬂls m Ioose gramte houlders, and. very fewr of the -

mtruswes stu dled are believed to be in situ. Bven those thxch were assnmed to be in srh:c '

- may be part ofa fax ge Tﬁﬂﬂﬂﬂ?ed gramte block, Wwhich was moved in the cratenng event. -

Lamprophyre outcrops, winch are best preserved aud show the. best field relanonshlps, |

.. are typlcally fractured and extend over dlstances whmh ra.rely exceed 1 metre in langth
Figure 4.1 represents a typical’ lamprophyre outcrop on the ncrthern crater nm, ancl- - _
 Figure 42 shows a parﬁculaﬂy well preserﬁed Segment of la,mprophyre dyke, which, as -

in, the case nf the regmnal geolbgy, shows a very sharp cross-wttmg relatmnshlp wn.h the _.

trth The dramage S
¥ on its easten; side, :
. o suggests thatxf this miriot dramagésystem emsted at the tmie of i nnpacg the 1mpact event TE
mayhave resultedmanewﬂowpathwhmhxs atpresemto the eastefthe ongmalpath e
: _': - Ample Jeld ewdence, however, suggests that the pre:-impact surfa.ce was essannaily’ flat )
©at the: trme ofi xmpaet. Althauﬁh nnﬂorm, 1sutxopic, and homogeneous genlogml matenal S
" _.-js scarce or non-enstent, the. shght undulahorns on this surface and mmor structurcs-
- _-observed m the crater énv:mns should have had a mmlmal eﬁect on the cratermg-"_'-"
. - processes. Also, due m & lack of sv:dence and due tq cqmplngmrrél joint paxterns, | B
b mennon;ed m Chapter 3 :w conclusmns have been drmvn on n i posmble eﬁ"ects of__ -
: | 3omtmg un the cratenng processes, morphulngy, aud structure, such aa those from Meteor o |
Atizona (Shoemaker, 1960): Shoemaker toticed “tha@ the vegioval jointing. -
. shape of &e crater, wh1ch is somewhat squansh 111 om:lme, the d1agonals SR
of tre Sqlﬁm Rmmgide with the ﬁend ot the two. mam sets of Jomts | R

i



Figure 42 Segment of a well preserved Iamprophyre dyke showmg the Cross- cuttmg
relatlonsh:ip with Ihe host gramte. _
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R Laxbonaute occurs at two s1tes the ﬁrst sue on the inner and Iewer eouthwestem nm |
i : of the crater was a]ready desenbed before (e g, Waguer, 1922) Here carbenahte occurs __
o as Large tabular masses. It is not possible to determine whether these bloeks are in sitw.

- or 1ok Flguxe 4 3 shnws t‘tus cathonatlre wh,leh is cut by secondary quaxtz and ealc:te

-vems, and whmh has meorporated mta it nnmereus often well-deﬁned gngular schlst" |

fragments, the origin of which has not been determined. It has been suggested (eg,

- Wagner 1922) that the sc]:ust was meorporated,mto the car“benatite pnor to mtrusmn, B
and that it ongma]ly fomwd part of a pre-Bushveld stratngraphc horizon (such as'a _
Transvaal Supergroup shale) No gramte-carbenet&lte relanenslnp can be determ:ned at L

o thlsoccurrenee. o

Figure 4.3 Carbonatlte occurrence on the lower, inner southwestem rim (Sample 95}’ | .
with numerous, well-defined schlst fragments

The secoud occun‘ence, "ﬁcated on the 1ower western slt)pes of the crater (F1gure 4 4)'
exhibits a sharp gramte-carbonatlte contdct, This outcr0p, which niow is partly altered to .-

a ﬁne—gramed yellow clay, can be chemically related to the first outcmp and shows a _

| sumlar mmeralogy in some less altered parts of the sa,mple In this case, however, the -
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: carbenatrte contams angular gramne fragments of vaned orientauons, Imdmanng a.molent

= emplacement nf the earbonaﬁte at thas locality

'm‘igjure 4A Granjte-c___aquﬁatite re1atid§ship_ (SamPle _-3107).:' -

The various dykes were prewously thought to ha.ve a radlal or penpheral disgo&tmn W1th .

_ respect to the crater cenire (Fenchtwanger, 1973). Deta.ﬂed mapplﬁg and plottmg of the '

o dyke onentaﬁons with Tespect to the. centre of the crater, however revealeﬁ that. most '_

of the mtruswes have no preferred enentatmn with respect ta the crater centre. F1gure

4.5 shows a detaxled planetabled map ef a pamculaﬂy well preserved trachyte dyke or _'

' dykes outcropping -\ the northern rim at the well-used “crater view-site”. It is-evident

from this map that these dykes or sﬂls have heen faulted both fadxaﬂy and concentncally o

by a post—mtruswe event. o _ L _.:i

y'l'lf

7

. Xt should also be noted that the vanous granite blocks contmmng the trachyuc mtruswes S

have many different onentatlons, impiying: that fairly complex faulhng took place inthis . |
- upper pomon of the rim. P&gure 4.6 is a sketch of what js beheved to have resulted mn

the complex structure observed at thzs site and a* eﬂae: lemiltles on the mner run. 'Ihe

49_ |



| trachyte at thxs pamcular lmanon is extremely a.ltered as seen m F:gure 4 ‘7 and was

o only recOgmzed as such by its chemxcal composmon. S

Figure 4.5 Detaileﬂ planetabled map of a radnally aud concenmcally faulted trachyte "

~ dyke, ‘Ihe. small numberi mdmate the dlp measured fm‘ each &agInent of the dyke

.F'gure 4.6 Sketch of (a) Pre-lmpact condmans, and k) Post-:mpact structures reslﬂnng

* from the cratering event: the uppur pornon of the rim is believed to have been throst . -

outwards resultmg m outward -dipping rotated blocks; supenmposed on these thrust fanlts -
* ure normal modification, or post-impact structures, Dykes and sills within the ongmal |
gramte would be faulted into numerous orientations as shown in the figure
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_Fig‘_::e'fs.'_z nghly alfered trachyte dyke (Sample 24:  typical northerim sample).

Karoo sedmzem‘s . S o e y
. The Karoo gnts do not cpmpletely enclrcle the crater havmg nvdr conmderable stretches‘
either been removed by denudauan or having not been present at all at certain locahtms‘
'around the rim. The latter smtatmn would be due to the pre-impact distribution of these
- sedlments. Wagner (1922) noted that the basal portion of the brecma on the rim contams'- |
small fragments of the same type as the underlymg Karoo grits. The htghly laterized

- nature of the gnts,which have been buried by the eJecta breccm, mdlcates that they most |
probably were exposed to surface weathering | prior fo their bunal. The fragmental rim:
breccia is well preserved in the crater rim sectmn, pa.rucularly in the southem sectars of - N
the rim, whlch are expused by the two artafimal cuttmgs, and Wm ba dealt W1th in the- "
followmg section. ' '

.. .



A2 STRUCTIRR OF THE RO

"_’I‘he secondary road lcadmg to the ctater ce.ntre from the southeast (see ctater map

- insert in back poc]cet) provides the best section through the crater rim; The section-__ |

| f’sihows, in- descendmg order' gramuc threwout brecma, ferrug;mzed Km:oo gnts anﬁ .

| . reddish deformed gramte The gramtlc thrmmut breccm (Iﬁgure 4.8) consists of poorly_' -

sorted angular clasts which raoge in size from 4 mmroscopxc scale to greater than a.

 metre in. mameter ‘The contact benveen the breccm and theﬁ ints must represent the'

'-'_Ievel of the. ongmal surface at the nme Of the ﬁfateﬂﬂg event.

Figure 4.8 Throwout gramte brecma at the top of the craier rim section, southt.ast rim '_

Deformation in the crystallme rim is ncif as clear as f.hat encountered it other inip'a'ct:' _
craters with well deﬂned stratlgraphy However, sets of tight, closely spaccd onginally g
honzontal sheetmg joints were partlculaﬂy useful in determzmng the deformanon

| experienced by the. target mcks due to the cratenng event Thls ]omc set, which parallals B
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anxs inthe crater exmrans (see Flgure 4 9), is most probably the result o

of streés f : ';ease or exizensmn ﬂue to removalbof overbmden. In addmon to this jomt set,

- compresszonal shear has ngen nse o the development of 2 fra,cture cieavagg which is o

._‘parnuoned into zones which apparenﬂy expenenced greater stram or represen,t leds

o Jcompetem layenng (Flgure 4, 10) Fractwe cleavag& i deﬁned as a nan—penetrahve- - |
fohatwn cons:stmg&nf persmtent, closely-»spaced fracmres whxch may be foundm:gneous_' o

roclcs (McClay, 1987) ’Ilns ﬁ'acture cleavage Lcammon m the iower pornon of the. . .
o orater wall, where strain was 1mpartﬁd maklnly alcmg honzontai d.u‘ccnans, a.ud henee-.- -
[ Parallel ta the sheete;i Jomts mscussed above. W So :

: 1.“__\' T
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| Figure 4.10 Fracture cleaVage partltloned mto zones of greater stra:m or less competen..
layenng e _ S o T

| Th» structure inthe crater wal]s conslsts mamly of faul’m fractures and 1oca1 brecma,tlon |

Qi-"\»;-g:__‘ " o Al X

in the gramte, whlch may be moderately folded and uphfted The mmty of

_ deformaﬁon increases upwards towards the top of the crater wall where the gramte may o

- bhe vertical to overtumed and is genera]ly broken into blo—cks- Faultmg\ assocxated with . )
the outwa.rd and upwaxd dlsplacement of the gramte includes thrust, nurmal and Teverse

 faulting, Some high-angle faults may be related to joint orientations - cather f%ults ocour

at a variety of attitndes to the jomung. Low-angle jointing p} ane faults are common wath'

- a pronoumed horizontal component. 'I'.brust paths vhich point radlally outwards,

determmed by thrust movement of blncks are & major aspect of the tectonic style in ﬂle

: crater Tim. ' ' '

: Lower cmter wall

-Low in the crater tim, the gramtc generally dips’ genﬂy mwards (F1gure 4. 110) It has )
been suggested (e.g., Fudali et al., 1973) that the inward dip of the lower portion of the
nm is the result of tlltmg and submdencﬁ pf alarge coherent segmsnt of the ongmal nm,
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N determmatlon of the chp

Mzd-crm‘er wall -
“The mld-sectmn of the rim, that is the sectmn between the Iower, 1:1\»&1.1:4“.ﬂlppu gramte' R
and the upper, outward—d@pmg granite, is assumed to consist of an anhchne, which is |

9.

R
Tou

as a result of an explomve volcamc event. Rather, this downwarped strata appears to he o
: the result of movemg 301 .aiong closely—spaced, dlscrete shear sunfgf oy A eleavage, w‘inch_ -
‘can Iocally be seen in sectjon (such as that seem in Fxgure 4, ff ajso alds with ‘the - .
t:jr[be granite, ‘which pa.ra! lels anﬂ enha.n ces tne once honznntal s
' sheetmg Jomts seen in the envlmns Most pmbably the sheenng Jomts originally formed - o
* due t0 extension tesulting from the removal of overburden on the. sub-Horizontal pre~ _
: impact surface, whereas the cleavaga appears to be a fracture cleavage resultmg from the
jmpact event. The gramte exhlblts poor foliation in. the crater wall and is rarely, seen in
- the lower crater h‘m due to ponr axpesure. In a few areas of the lower crater w4 sc-me fo o

g,ﬁamtxc bloclm ara seen to d1p gently outwards "This i3 only rqpreSentatNe of 1solated o _'

_A deep trench in the southwestem cmter w"dﬁﬂ that was prmously referred t\c1\' o Mauss’

. areas, where the aﬂ:ermse mwaxd-cilppmg gramte &as been d:smpted to a g;reater extent. 3

A A
4

Cuttmg" (Wagner, 1922), shows that in the Iower crater section the gramte d1ps iuwards g

which could be, obtained from the road cuttmg sectmn. .;-_'-_.'{ o

iF
it
iz

. ._._-—_......_.u..._

locally displaced along some mward—dlppmg fanlts, very similar to those described from

S instead of dlppmg at a steep angle outwards Thls c];early represents o mversal m the .

 direction of the average dip encoumered / _; the nm, as for examPIe observed on the. - .o
" well-preserved crater access toad section (Figure 4.11), As 2 result ¢}, fvveathefmg and -
eromonal processes the surface along Mauss’ Cutting does not. exhlbn the ongm als ti T

\-'

| of this rim section and offers. no ‘extra mformatmn on the stmcmre of the crater tu that :

the Odessa_c_:rater _(Shoemaker and Eggleton, .1_9_61), as well as outward-_dlppmg. faults.

N the crater (Flguws 4,11 and 4.12). T.he amphmde of the armclme is appmxmately two

metres and the fold axis is c0ncentnc about the centre of the crater, According to Galﬂt;'_' ;
etal, (1968) folds like this one result from mxtlaI outwaxd_mouon, that is'the grajiee'is "

 This anticline is clearly exhibited in the mid-s