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SUMMARNABSTRACT

The Saldania Belt in southern Africaproduct of the PaAfrican Saldanian Orogeny, forms
part of a system of Neoproterozoic mobile belts that borddrveeld older cratons on the
African continent. It is a lovgrade orogenic belt situated along the southwestern margin of
the Kalahari Cratoand is composed of several inliers of greenschist facies metasedimentary
and metavolcanic rocks (Malmesbury Grgupproofed in megaanticlinal hinges of the
PermaTriassic Cape Fold Belt. The Malmesbury Group rocks were sy post
tectonically intrudedn a pervasive transpressive regime between 555 mda545 Ma by
Neoproterozoic to aly Cambrian § I- and Atype granites, monzodiogs, gabbros and
guartz syenites, whichotectively constitute theocks of the Cape Granite Suite (CGS).
Along the southwestern coastline of South Africa, the Saldanha Bay Volcanic Complex
(which forms part oftie CGS) is dividednito two eruption centreboth of which hae been

i dent iihtia-eallleraapgroclastic ignimbrisedThe Postberg eruption cenigesituated

to the south of the Saldanha Bay entrance and the Saldanha eruptiorisceiti@tedo the
northof the entance Both eruption centres display distinct geochemical signatthresmost
apparent beinghe greater TiQ concentrations (> 0.25 wt. %)f the Saldanha centre
ignimbrites when compared to Bostbergentre counterparts

The Postberg eruption centctensists of Sype rhyolitic ignimbrites which aresuldivided
into the two geochemically distinct Plankiesbaai and Tsaarsbank IgnimBmbedl. amounts
of the Jacobs Bay and Saldanha Ignimbrites (less felsic tephra from the Saldanha eruption
centre) are lao present in the Postberg eruption cerfvaobustgeochemical analysis of
boththe Plankiesbaai and Tsaarsbamtgma groupsisplayhigh SiG content(>76 wt %),

a lack ofvariation in TiQ and Zr, figh Al20Os and ASI(aluminiumsaturationindex) values
(> 1.0 and generally >1.Wvhich, on averageis higher than the Saldanheruption centre
ignimbrites) low CaO and\NaO, and ahighly ferroan charactelhe Plankiesbaai ignimbrite
also display lower #Mg concentration compared to the Tsaarsbank igmimbypical
geochemicatrends in the Postberg eruption centre includdable of variation in Zr content,
higher Rb content ahower Sr, Ba, V and Zn concentratiomben compared tthetephra of

the Saldanharuptioncentrefound in the Postbergrea



The st udy 0 sotanlgto assesshe geochesnistryof the ignimbrites relative to the
previous phases of magmatismgimally proposed by Scheepers (1995) for the magmatism
of the Cape Granite Sujtdout also thig age distribution Previously déned phases of
magmatism include Phase I-{fpe granites subdivided into Sb,1$ad Saall of which are
dated to 555 540 Ma), Phase Il {type granites subdivided into éand 1b bothdated to 540
520Ma), Phase Il (Atype granites subdivided intda and Ab dated to ~ 520 Ma) and Phase

IV (S-type volcanic and subvolcanic rocks date&16 Ma).

Re-examination of the geochronology displays @kl age for Postberg Centre Jacobs Bay
Ignimbrite (tephra from the Saldanha eruption centw€pb38+ 2.2 Ma: and for the Postberg
Centre Tsaarsbank Ignimbrite between 338 Ma i 540 £ 3.4 Ma. These new dates, in
combination with thegeochronologicalvork done in the Saldanha Cenfjarticularly in
light of the Clemens and Stevens (2016) and Clemens etCdl7)3tudies that reclassify
these rocks differing from the original and previous studigsce all thegnimbrites of the
Saldanha Bay Volcanic Complex securely within tlge dracket for the initialS-type
magnatism of the CGS

This thesigresers arevised order for the phases of magmatism of the SaldatizaBd by
extension, of th&€€ape Granite Suitédll S-type magmatism, including that of tigaldanha
Bay Volcanic Complex (3, forms part of thd®hase | magmatiswf the Saldania Bel{Sa,
Sa, and Sb) emplaced between 55540 Ma.
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FIGURE 15: GOOGLE EARTHE IMAGE OF THE SALDANHA BAY VOLCANIC COMPLEX
(INDICATED BY THE WHITE DASHED-LINE BOX) DISPLAYING THE POSTBERG ERUPTION
CENTRE AND THESALDANHA ERUPTION CENTRE ..eeeeeieeeeieeeceeeeevieivinnmeeeeeeeeeeennnnennnnnn 44

FIGURE 16: DIAGRAM SHOWING THE CHEMICAL VARIATION BETWEEN THEIGNIMBRITES OF THE
SALDANHA CENTRE (REPRESENTED BY VARIOUS COLOURED SQUARES AND CIRCLESND
POSTBERG CENTRE (REPRESENTED BY VARIOUS COLOURED TRIANGLES MM SAMPLES
FROM PRESENT WORK ANDLQP SAMPLES FROM SCHEEPERS ANDNORTJE (2002) HAVE
ALSO BEEN INCLUDED AS RED AND YELLOW CIRCLES RESPECTIVELYPLOT (A) MG# (MOL.
100MaG/ [MG + FE]) IS MODIFIED AFTERFIG. 20A FROM CLEMENS AND STEVENS (2016).
PLOT (B) IS MODIFIED AFTERFIG. 100 FROMCLEMENS ET AL (2017).....cceveeeeeeeeen.. 45

FIGURE 17: SELECTION OF CHEMICAL VARIATION PLOTS SHOWING ROCKS OF THISALDANHA
CENTRE-JACOB®G BAY IGNIMBRITE (SCGJI, PINK SQUAREY, THE SALDANHA CENTRE
SALDANHA IGNIMBRITE (SG-SI, BLUE CIRCLES) AS WELL AS THE POSTBERGCENTREMM
SAMPLES (PGMM, RED CIRCLEY COLLECTED FOR THE PRESENT WORKPLOTS ZR AND
K20 vs. SIO2 ARE MODIFIED VERSIONS OF THEHARKER PLOTSFIG. 6B AND FIG. 4E FROM
CLEMENS ET AL (2017)RESPECTIVELY. PLOTS TIO2 AND FM [FEQO' + MNO + MGO] vs.
K20 ARE MODIFIED AFTER FIG. 7A, B FROM CLEMENS ET AL (2017). NOTE THE
GEOCHEMICAL DIFFERENCE (T102 & FM vs K20 AND T102 AL203 VS FM) IN THE OF THE
MAGMAS THAT FORMED THE SALDANHA |IGNIMBRITE AND THE JACOBGS BAY IGNIMBRITE
OF THE SALDANHA ERUPTION CENTRE THE PCGMM SAMPLES CAN THEREFORE BE
CLASSIFIED ASJACOBGE BAY IGNIMBRITES. ...ciiiiiiiiiiiiiiiiieeeeeienessssnnssseeeeeeeeeeaeeeessnenees 47

FIGURE 18: DIAGRAM SHOWING CHEMICAL VARIATION PLOTS BETWEEN THE SALDANHA
CENTRE-SALDANHA IGNIMBRITE (SG-SI, BLUE CIRCLE) AND THE POSTBERG CENTRE
TSAARSBANK IGNIMBRITE (PGTI, ORANGE TRIANGLE) AS WELL AS THE POSTBERG
CENTRE VOLCANIC ROCK SAMPLES FROMSCHEEPERS ANDNORTJE (2002) (PGLQP,
YELLOW CIRCLES). THESE PLOTS CLEARLY DISPLAY THE CHEMICAL DIFFERENCES
BETWEEN THESALDANHA AND TSAARSBANK IGNIMBRITES WHICH MAY NOT BE APPARENT
IN FIGURE 11 (A) AND (B) AND CERTAINLY CLASSIFIES THE PGLQP SAMPLES AS
POSTBERGCENTRE- TSAARSBANK IGNIMBRITES (PG TI)...uuniiiiiiiiicccee e 48

FIGURE 19: TAS DIAGRAM (AFTERBAS ET AL., 1986)FOR ALL THE SAMPLES OF THESALDANHA
BAY VOLCANIC COMPLEX, CLASSIFYING THEM AS SUBALKALINE/THOLENTIC RHYOLITES.
POSTBERG CENTRE SALDANHA IGNIMBRITES (GREEN TRIANGLES INDICATED BY GREEN
ARROW), POSTBERGCENTRE JACOBS BAY IGNIMBRITE (RED SQUARES$ POSTBERGCENTRE

PLANKIESBAAI IGNIMBRITES (CLOSED BLUE DIAMOND), POSTBERGCENTRE TSAARSBANK
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IGNIMBRITES (OPEN PURPLE DIAMOND$, SALDANHA CENTRE SALDANHA IGNIMBRITES
(CLOSED BLUE DIAMONDS, SALDANHA CENTRE JACOBS BAY IGNIMBRITES (CLOSED
PURPLE DIAMONDS. ALKALI /SUB - ALKALI BOUNDARY LINE AFTER IRVINE AND BARAGAR
(S 0 TSR 49
FGURE 20: MOLAR NA2O T AL203 T K20 PLOT DISPLAYING ALL SAMPLES OF THESALDANHA
BAY VoLCANIC COMPLEX, CLASSIFYING THEM AS PERALUMINOUS POSTBERG CENTRE
SALDANHA |GNIMBRITES (GREEN TRIANGLES HIDDEN BEHIND SAMPLE POINTS BUT
INDICATED BY GREEN ARROW), POSTBERG CENTRE JACOBS BAY IGNIMBRITE (RED
SQUAREY, POSTBERG CENTRE PLANKIESBAAI |IGNIMBRITES (OPEN BLUE DIAMOND),
POSTBERG CENTRE TSAARSBANK IGNIMBRITES (OPEN PURPLE DIAMOND$, SALDANHA
CENTRE SALDANHA IGNIMBRITES (CLOSED BLUE DIAMONDS), SALDANHA CENTREJACOBS
BAY IGNIMBRITES (CLOSED PURPLE DIMONDS).......uuuuutitttntneeeeeeeeseeessssseneeeeeeeeeaaeaeeens 49
FIGURE 21: HARKER PLOTS OF SELECTE MAJOR OXIDES AND DERIVED PARAMETERS FOR
ROCKS OF THEPOSTBERGCENTRE IN THESALDANHA BAY VOLCANIC COMPLEX; (A) T1Oz,
(B) AL203, (C) CAO, (D) P20Os, (E) MG# (MOL. 100 MG/[MG + FE]), (F) NA20O, (G) K20
SHOWING THE FIELDS FOR VARIOUS MAGMA SERIES(H) ASI (MOL. AL20s/ [CAO - 3.33
P.Os + NA2O + K20]). PLANKIESBAAI IGNIMBRITE (PGPI, GREEN TRIANGLE),
TSAARSBANK IGNIMBRITE (PG TI, ORANGE TRIANGLE), SALDANHA IGNIMBRITE (PGS,
BLUE TRIANGLE) AND JACOBGS BAY IGNIMBRITE (PG-JI, PINK TRIANGLE). ..cccvvvieeeeennn. 50
FIGURE 22: HARKER PLOTS OF SELECTED TRACE ELEMENTS FOR ROCKS OF THROSTBERG
CENTRE IN THESALDANHA BAY VoLCANIC COMPLEX; (A) RB, (B) SR, (C) ZR, (D) BA, (E)
V, (F) ZN. PLANKIESBAAI IGNIMBRITE (PCPIl, GREEN TRIANGLE), TSAARSBANK
IGNIMBRITE (PGTIl, ORANGE TRIANGLE), SALDANHA IGNIMBRITE (PCSI, BLUE
TRIANGLE) AND JACOBG®S BAY IGNIMBRITE (PG-JI, PINK TRIANGLE). ....cooiiiiiiiieviee 51
FIGURE 23: VARIETY OF MAJOR OXIDES AND DERIVED PARAMETERS FOR THE ROCKS OF THE
POSTBERGCENTRE IN THESALDANHA BAY VOLCANIC COMPLEX, PLOTTED AGAINSTK20
CONTENT. (A) T1Oz, (B) CAO, (C) SIOz, (D) FM [FEQO" + MNO + MGQ], (E) MG# (MOL.
100 MG/[MG + Fg]), (F) AL203. PLANKIESBAAI IGNIMBRITE (PCGPI, GREEN TRIANGLE),
TSAARSBANK IGNIMBRITE (PG TI, ORANGE TRIANGLE), SALDANHA IGNIMBRITE (PGS,
BLUE TRIANGLE) AND JACOBG@S BAY IGNIMBRITE (PG-JI, PINK TRIANGLE). ........cccevvveens 53
FIGURE 24:VARIETY OF TRACE ELEMENT CONCENTRATIONS FOR THE ROCKS OF THROSTBERG
CENTRE IN THESALDANHA BAY VOLCANIC COMPLEX, PLOTTED AGAINST K2O CONTENT.
(A)V, (B) RB, (C) ZN, (D) SR, (E) ZR, (F) BA. PLANKIESBAAI IGNIMBRITE (PCG-PI, GREEN

TRIANGLE), TSAARSBANK IGNIMBRITE (PC-Tl, ORANGE TRIANGLE), SALDANHA
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IGNIMBRITE (PCSI, BLUE TRIANGLE) AND JACOBGs BAY IGNIMBRITE (PCJI, PINK
TRIANGLE). 1 tttttttettttttttu e s e s s eeesasas s e e e e e eeaeaeeesamaessaaaaaeaeaaeaseeesssssssrmnneeeeeseesnnsnnnnns b4
FIGURE 25: SELECTED MAJOR OXIDES AND DERIVED PARAMETERS OF THE ROCKS OF THE
SALDANHA CENTRE AND THE POSTBERG CENTRE IN THE SALDANHA BAY VOLCANIC
COMPLEX, PLOTTED AGAINST HEIGHT (IN METERS ABOVE SEA LEVEL - AN ALTERNATIVE
FOR STRATIGRAPHIC POSITION(A) SIO2, (B) TIO2, (C) MG# (MoL. 100MG/ [MG + FEg]),
(b) FM [FEQ" + MNO + MGO]. THE ROCKS OF THESALDANHA CENTRE-SALDANHA
IGNIMBRITE (SC-SI) ARE PLOTTED AS BLUE CIRCLESTHE SALDANHA CENTRE- JACOBGS
BAY IGNIMBRITE (SG-JI) PLOTTED AS PINK SQUARES THE POSTBERG CENTRE-JACOBGS
BAY IGNIMBRITE (PCJl; MM SAMPLES ONLY) PLOTTED AS RED CIRCLES AND THE
POSTBERG CENTRE-TSAARSBANK IGNIMBRITE (PCTI; POsS 1&2 ONLY) PLOTTED AS
PURPLE CIRCLES. .. cttutttuteteeeteestsemmmsaseesasesaaeess s ees s es e s e ensean e ean e enn s eeensmmneeaneennnss 55
FIGURE 26: ISOTOPECORRELATION PLOT FOR THE ANALYSED SAMPLES OF THHPOSTBERG
CENTRE- JACOBSBAY IGNIMBRITE, REPRESENTED AS RED TRIANGLES..........ccoiiunnnnnnd 56
FIGURE 27:ND ISOTOPIC GROWTH DIAGRAM(TWO STAGE) FOR ANALYSED POSTBERGCENTRE -
SALDANHA |GNIMBRITE SAMPLES REPRESENTED AS RED TRIANGLESIHE T2pm GA VALUES
FORMM1 (1.411GA), MM2 (1.417GA) AND MM3 (1.409GA)......ccceiiiiirriiririireeinenns 57
FIGURE 28: HARKER PLOTS OF SELECTED MAJOR OXIDES AND DERIVED PARAMETERESOR
ROCKS OF THESALDANHA CENTRE IN THE SALDANHA BAY VOLCANIC COMPLEX; (A)
TIO2, (B) AL20s3, (C) FM, (D) CAO, (E) K20 SHOWING THE FIELDS FOR VARIOUS MAGMA
SERIES (F) ASI (MOL. AL203/ [CAO - 3.33P205 + NA2O + K20]). SALDANHA |IGNIMBRITE
(BLUE CIRCLES AND JACOBS BAY IGNIMBRITE (PINK SQUARES. THESE PLOTS ARE
REPRODUCED WITH PERMISSION FROMLEMENS ET AL. (2017),AND ARE ONLY PRESENTED
HERE FOR CONTEXTUAL AND COMPARATIVE PURPOSES.......cuuuurrirerieeeeeeesemenreeseeeeseees 58
FIGURE 29: A SELECTION OFHARKER PLOTS FOR THE ROCKS OF THBALDANHA CENTRE IN THE
SALDANHA BAY VoLcANIC CoMPLEX; (A) RB, (B) ZR, (C) BA AND (D) HREE (TOTAL
RARE-EARTH ELEMENT CONTENT). SALDANHA IGNIMBRITE IS PLOTTED AS BLUE CIRCLES
AND THE JACOBS BAY IGNIMBRITE IS PLOTTED AS PINK SQUARES THESE PLOTS ARE
REPRODUCED WITH PERMISSION FROMILEMENS ET AL. (2017),AND ARE ONLY PRESENTED
HERE FOR CONTEXTUAL AND COMPARATIVE PURPOSES..........cccvuuurrrnnnnnnnmmmeeeenensnnnnns 59
FIGURE 30: VARIETY OF CHEMICAL PARAMETERS FOR ROCKS OF THSALDANHA CENTRE IN
THE SALDANHA BAY VOLCANIC COMPLEX, PLOTTED AGAINST K2O CONTENT, (A) TIO,
(B) FM (FEQ" + MNO + MGO), (c) MG# (MoL. 100MG/[MG + Fe]), (D) V, (E) SR, AND
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(F) LA. NOTE THE MOSTLY CLEAR DIFFERENCES BETWEEN THE MAGMAS THAT FORMED
THE SALDANHA AND JACOBS BAY IGNIMBRITES (BLUE DOTS AND PINK SQUARES
RESPECTIVELY). THESE PLOTS ARE REPRODUCED WITH PERMISSION FRABLEMENS ET AL.
(2017),AND ARE ONLY PRESENTED HERE FOR CONTEXTUAAND COMPARATIVE PURPOSES
FIGURE 31: U-PB CONCORDIA DIAGRAMS (E, F) AND REPRESENTATIVE ANNOTATED
CATHODOLUMINESCENCE (CL) IMAGES OF ZIRCONS FROMPOSTBERG CENTRE JACOBS
BAY IGNIMBRITE SAMPLE MML1 (A, C) AND MM2 (B, D). ERROR ELLIPSES ARE PLOTTED
AT 2¢. E) CONCORDIA DIAGRAM OF SAMPLEMM1 SHOWING 24 ANALYSED SPOTS AND A
205p5/238 AGE OF538.4+2.3VIA. F) CONCORDIA DIAGRAM OF SAMPLEMM2 SHOWING 25
ANALYSED SPOTS AND AZ%%PB/238U AGE OF537.922.2MA......ccoeeeeceeecreece e eeeeeeeee e 63
FIGURE 32: U-PB CONCORDIA DIAGRAM (D) AND REPRESENTATIVE ANNOTATED
CATHODOLUMINESCENCE (CL) IMAGES OF ZIRCONS FROMPOSTBERG CENTRE JACOBS
BAY IGNIMBRITE SAMPLE MM3 (A, B & C). ERROR ELLIPSES ARE PLOTTED AT2E. D)
CONCORDIA DIAGRAM OF SAMPLEMM3 SHOWING 25 ANALYSED SPOTS AND A20%PB/238
AGE OFD38.2E2. AVIA .. .ottt e ettt e e e e e et e e e e annne s 64
FIGURE 33: COMBINED HISTOGRAM AND PROBABILITY DENSITY DISTRIBUTION OF ALL 3
POSTBERG CENTRE JACOBGS BAY IGNIMBRITE SAMPLES (MM1, MM2 AND MM3)
SHOWING THAT THE2%%PB/238J AGES OBTAINED ARE NORMALLY DISTRIBUTED FROM THE
75 ANALYSED SPOTS66 SPOTS HAVE A95-105% CONCORDANCE DARK GREY AREA =
CONCORDANCE LIGHT GREY AREA = DISCORDANCE ZIRCON U-PB GEOCHRONOLOGY FOR
THE POSTBERGCENTRE, TSAARSBANK [GNIMBRITES ...uuiiviiiiiiiiieeeeriesieemeesieeseennneeees 65
FIGURE 34: U-PB CONCORDIA DIAGRAM (E) AND REPRESENTATIVE ANNOTATED
CATHODOLUMINESCENCE (CL) IMAGES OF ZIRCONS FROM POSTBERG CENTRE
TSAARSBANK IGNIMBRITE SAMPLEPOS1 (A, B, C& D). ERROR ELLIPSES ARE PLOTTED AT
2¢. E) CONCORDIA DIAGRAM OF SAMPLE POS1 SHOWING 14/44 ANALYSED SPOTS AND A
205pp /238 AGE OF 536.6+2.1MA WITH QUOTED ERRORS AT95% CONFIDENCE LEVEL F)
PROBABILITY DENSITY DISTRIBUTION OF Posl 2°PB/238U AGES OBTAINED SHOWING A
NORMAL DISTRIBUTION. 111t ttttttueetstuneesstnsessnnmsessssesssssaesssnnaeesssamaassessssnassssnnseessnneesennns 67
FIGURE 35: U-PB CONCORDIA DIAGRAM (G) AND REPRESENTATIVE ANNOTATED
CATHODOLUMINESCENCE (CL) IMAGES OF ZIRCONS FROM POSTBERG CENTRE
TSAARSBANK IGNIMBRITE SAMPLE Pos 2 (A, B, C, D, E & F). ERROR ELLIPSES ARE
PLOTTED AT 2¢. G) CONCORDIA DIAGRAM OF SAMPLE POS2 SHOWING 9/61 ANALYSED

SPOTS AND A 2%%Pg/238J AGE OF 540.2 + 3.4 MA WITH QUOTED ERRORS AT95%
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CONFIDENCE LEVEL H) PROBABILITY DENSITY DISTRIBUTION OF POs2 2%%PB/238U AGES
SHOWING A FAIRLY NORMAL DISTRIBUTION SKEWED SLIGHTLY TO THE RIGHT............... 68
FIGURE 36: BAR GRAPH DISPLAYING THE AGE(MA) OF THE S-TYPE MEMBERS OF THECAPE
GRANITE SUITE, DATED USING THE U-PB TECHNIQUE ON MAGMATIC ZIRCON GRAINS(DA
SILVA ET AL ., 2000; SCHEEPERS ANDARMSTRONG 2002; VILLAROS ET AL., 2012 AND
CLEMENS ET AL, 2017). THE BLACK ARROW INDICATES THE START OF THECGS
MAGMATIC CYCLE AND THE RED ARROW INDICATES WHEN THES-TYPE MAGMATISM OF
THE CGSENDED. ...cetttuueeieeetti e e e eetiemmeeestta e e e e e eesaa e e e e e emnneeaeessan e eeeeessnnneesannneeaeeesnns 74
FIGURE 37: QUALITY CONTROL CONCORDIA DIAGRAM FOR SAMPLESMM1, 2 & 3 DISPLAYING
THE PL EGOV I(8LEMA ET AL ., 2008) ZIRCON REFERENCE MATERIALTHIS WAS DONE
USING METHODS FOR ANALYSISAND DATA PROCESSING DESCRIBED BYREI AND GERDES
(2009)AND CORNELL ET AL. (2016).......uuuiiiiiriinieeeeeeeeeeeieeseeeeeeeeeeeeee e e e e e s emmeeeeeeeeas 112
FIGURE 38: QUALITY CONTROL CONCORDIA DIAGRAM FOR SAMPLESMM1, 2 & 3 DISPLAYING
M127 (NASDALA ET AL., 2008; MATTINSON, 2010) ZIRCON REFERENCE MATERIAL THIS
WAS DONE USING METHODS FOR ANALYSIS AND DATA PROCESSING BERIBED BY FREI
AND GERDES(2009)AND CORNELL ET AL. (2016)-.....cuuuiiiiieiiiiieiiieeeeeemieieeeeeeee e e e 113
FIGURE 39: QUALITY CONTROL DIAGRAM OF SAMPLES POS 1 AND POS 2 DISPLAYING THE
PLEGOV I(®LAMA ET AL ., 2008)ZIRCON REFERENCE MATERIALTHIS WAS DONE USING
METHODS FOR ANALYSIS AND DATA PROCESSING DESCRIBED BFREI AND GERDES(2009)
AND CORNELL ET AL. (2016)....ccettiiiiiieeeeeeee e 114
FIGURE 40: QUALITY CONTROL CONCORDIA DIAGRAMS OF SAMPLESPOS 1 AND Pos 2
DISPLAYING M127 (NASDALA ET AL., 2008; MATTINSON, 2010) ZIRCON REFERENCE
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Chapterd: Introduction

1INTRODUCTI ON

The Saldania Belt in southern Africa, a product of the-Rfaican Saldanian Orogeny, forms

part of a system of Neoproterozoic mobile belts that border and weld avltens on the
African continent. It is a lovwgrade orogenic belttsated along the sooMvestern margin of

the Kalahari Craton and is composed of several inliers of greenschist facies metasedimentary
and metavolcanic rocks (Malmesbury Group), unroofeanggaanticlinal hinges of the
PermaTriassic Cape Fold Be{Gresseet al., 1992; Rozendaet al., 1999)The Malmesbury

Group rocks were syrand postectonically intruded in a pervasive transpressive regime by
Neoproterozoic toearly Cambrian § |- and A-type granites, monzodiorites, gabhros
ignimbritesand quartzgenites; collectiveljknown asthd our fAphaseso of mag
Cape Granite Suite (CGSsresse and Scheepers, 1993; Scheepers, Bi®sepers and
Nortjé, 2000;Scheepers and Armstrgn2002;Belcher and Kisters, 20D3Previously defined
phases of mgmatism(Scheepers,25)include Phase | (§/pe granites subdivided into Sb,

Sa and Sa, all of which are dated to 55540 Ma), Phase Il {lype granites subdivided into

la and Ibdated to 540" 520 Ma), Phase Il (Aype granites subdivided into Aand Ab dated

to ~ 520 Ma) and Phase Idter added by Scheepers awattjé (2000)(S-type volcanic and

subvolcanic rocks dated to 515 Ma).

Along the southwestern coastline of South da, the Saldanha Bay Volcanic Complex
(which forms part of the CGS3 idivided into two eruption centréBigure1 and Figure 2),
known asthe Postberg and Saldanha eruption cerfCémmens and Stevens, 20I&Hemens
et al., 2017)Two distinct suites of rock wereentified for thefiPhase I\ magmatism in the
Saldania Belt. These cks were described as thedtberg Ignimbrites (volcanicspund on

the southern portion of the bay, and the previously prapos& al danha #Aquart z
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(subvolcanics) found at the opposied (Scheepers and Nortjé, 2000; Scheepers and Poujol,
2002)

Zimbabwe

Botswana Mozambique

o

Namibia

South Africa

’ \ d 0 100 200 km

N [ —

Figurel: Vector image of South Africa indicating the geological positiothefsudy area (SaldanBay Volcanic Comple

indicatedby the red rectangle.

The resultant linear depletion trends in tipeochemistry were interpretday Scheepers
(1995) and Scheeps andNortjé (2000)as the producof fractional crystallizationThis
distinguished the two roctypes(the Postberg eruption centre ignimbrites and the Saldanha
erupti on centy dponmogpaaaatherandmefindge hignimbritesasshowing
significantly lesser evidence of fractionatigorior to the eruptin) when compared to the
subvol cani c Aquar tPbIDJIME (sbtgpe Dildgtions THemnal Wnisation
Mass Spectromst) age in conjunction with the geochemistry and petrogsafbr the
fiPhase I\ magmatism suggested that the volcanism, desdrias rhyolitic / rhyodacitic
ignimbrite flows, took place on both the southern and northern portions of Saldanha Bay.
Scheeperand Poujol (2002) presented aRb age of 515 3 Ma for the volcanic phase

marking the end of thmagmatism fothe CGS

2 MatthewMisrole - March 2020



Chapterd: Introduction

3

(35
Jacobs Ba

o g

-

\ "Saldahha

oM
Saldanha Bay ’ F
.Langebaan" -

Postberg
“

Google Earth

10 km

Figure2: Google Eartk image of the Saldanha Bay Volcanic Complex

It is important to notein termsof the reassessment of the age distribution of the ignimbrites
relative to previous works on the CGSatthere isapproximagly 35 + 3.5 M.yrs between
the first(Phase I; Hoedjiespunt granitais552 + 4 Ma) and the last phas# magmatisnof

the CGS Phase 1V; sulvolcanic and volcanic rocks515+ 3 Ma). Both Phase | and Phase
IV rocksare present and immediatelgjacent to eeh other on the northern side of Saldanha
Bay (Figure 3; Scheepers, 1995; Scheepers and Armstrong, 2@2¢n thatthe 515+ 3

Ma ID-TIMS agefor the votanic phase of the CG8as based on only two concordant
zircons (which remsented the entire Phase IV magmatjsment zircon dating and
reclassificationof Saldanha Bay Volcanic Complex by Clemens and Stevens (2016) and
Clemens et al. (2017andthe 35+ 3.5 M.yrs between two immediately adjacent rocks in the
Saldanha Bay Moanic Complex Figure 3, Phasel - Hoedjiespuntand Phase IM i su b
vol cani c 0 reckspboughtinte cuestior the timing of the Phase IV volcanic and

fswlom!|l cani.cd rocks
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This initiated the reexamination of the fieldelations, thin section petrography, geochemistry
and geochronolog of the rocks of Saldanha Bay by Clemens and e3tgy2016 and
Clemens et al(2017). They redefinedsequences rothe northern section of the band
describedit a s a n-cafiléranpyro & ast i ¢ preyiousiynteferied teacs fAquart z
porphyno by Scheepers anBoujol (20(2) and proposé that the entiréSaldanha By area
formed part of a single volcanic complex (Saldanha Bay Volcanic Complex) comgsistin
two eruption centres the Postbergeruption entreandthe Saldanha&ruption entre They
further suggested that the incorrect integt at i on o f Salddnlea quadze k s as
porphyryo may be t he r asawhtleasiftrusivapbasediomtbe t he r
cryptic natue of the mineralogy and the degree of partial melting.
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Saldanha
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i Saldanha Bay

Postberg centre
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Plankiesbaai and
Tsaarsbank Ignimbrites Postberg
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B Trekoskraal granite

Bl Sceberg granite
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Figure 3: Map, tased on Fig. 2 of Scheepers and Armstrong (208®)wing the areas of exposweéthe Postberg and
Saldanha volcanic rocks (mtaldera ignimbritgsand the outcrops of local granitic units. This figure is repredugih

permission, from Prof. Gstevens (2016 co-author ofClemens and Stevens (2016)
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Such voluminousgalderaforming ignimbrites are not uncommon (e.g.agand White,
2001; Caset al., 2003; Bachman and Bergantz, 2004; Bachman and BergarGz B2gén et
al., 2006). Theprevailing model showed that this type of ignimbrite represented erupted
plutons that were almost fully crystallised before being pértratmelted as a resutif the
magma chamber being recharged by hotter mafic magiigh essentiallytriggered the
eruption. Chemical variations of ignimbrites in such cases are commonly interpreted to
represent zonation within the crystal mush of the magma chamber prioptmerClemens

et al. (2017) provides a revised model for such dertp zoned rhyolitic ignimhtes.

Upon review, Clemens and Stevens (2016) found four geochemilistigct series of rocks

in the Saldanha Bayolcanic Complex; the Saldanha Ignimbritedathe Jacobs Bay
Ignimbrite of the Saldanhaxuptioncentre datedto 542+ 2 Maby Clemens el. (2017) and

the Plankiesbaai Ignimbrite and the Tsaarsbank Ignimbrite which constitutes the bulk of the
Postbergeruption centre. Minor portions of the Saldha andlacobs Bay Ignimbrites cdoe

found in the Postbergentreas well The available gedeemical data fothe two eruption
centressuggestshat both centres may have bestive around the same time, therefore, it is
within reasonto assumesome abse connections between the two eruption ceri@ésnens

and Stevas, 2016)

In light of theuncertainty around the exact timing of flgaimbrites and the new-Bb age of
542+ 2 Ma, presented by Clemens et al. (2017) for the Saldeni@ion centre, his thesis
aims to reexamine and build a robust geonfieal and gechronological datet of tle

ignimbrites of te Postbergand Saldanhaeruption centres. The new geochemical and
geochronological data in conjunction with theeseamination work done by @inens and
Stevens (2016a) and Joseph (2012) and Clemens et al7)(20ll provide a new
understanding of the timing and emplacement of the Postberg Cenimtbiges and by
extension, the entire Saldanha Bay Volca@immplex,and its place in the Cape @hite

Suite This thesis will present #&ostbergcentre petrograpla review, vaious geochemical
classificationparameters, a robust-Rb age determination anultiple magmaticzircons as
well asRb-Sr/ SmNd isotopedataon some of the ignimbrite® congrain the source of the

magmatic events.
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2GEOLOGI BRATLTI NG

2.11 notdruct i on

The Saldania Belalong thesouthwesterncoastline of South Africas considered one of the

most inadeqgately understood Neoproterozoic tarly Cambrian Pafrican fold belts

Notably, this lack of knowledge can be explained by the scastofethe outcrop over large

areas, the ansiderably weathered surfacests structural complexity the low mineral
explorationpotential,and its burial beneath thick successions of sgiat sedimentary rocks

of the arly PalaeozoicCape SupergroufGresse et al., 2006)The prevailing confusion

about the stratigraphy and tectonic makeup of the Saldania belt is highlighted by the common
usage of the term @ Mal npeosetmzoic itho&mtmraghio untksor a |
across the belt in spite ofdhdifferentiation btween three separate terranes within the belt
(Gresse et al., 2006; Frimmel et al., 2013).

Although a number of previous investigations have been under{&arendal et al., 1999;
Belcher and Kisters, 2@0)Buggisch et al., 201Rowe et al., 201;Kisters et al., 2005most

of these investigationkave focusedn the petrology of the Cape Granite Suite along the
coastal areas of the belt. Rozendaal et al. (19%%epted a regional study and established a
model which considers ¢h interrelationshps between the various volcanosediragnt
sequences and the reconstruction of their patpositional environment$his model was
discussed in relation to thate Preerozoici early Cambrian plate tectonics.

Scheeperand Rozenddg1992) and Gressand Scheepers (1993) envisioned three majo

phases of magmatism of the &ahia Belt with a volcanic fourth phase later added by

Scheepers andortjé (2002). The modelwas latermore accuratelgefined by Frimmel et al.
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(2013) with aprovenance studyinvolving U-Pb and LuHf isotope analyses of tiéal
zircons, wholerock geochemicahnalysis andRb-Sr, SmNd and Pb isotope analysihis

constrairdthe source domaiand geodynamic models for the evolutafrthe Saldania Belt.

This chapter aims to describe the geologisatkground of the Saldania belt, its formation
duringthe PapAfrican Saldanian Orogenyts composition and structurandsyn and post
tectonicdly intrusive Cape Granite Suitd'he reader is referred tcheepes and Rozendaal
(1992), Gresse and Scheepers (19&)eepers (1995), Rozendaal et al. (1999), Scheepers
and Nortjé (2000) and Frimmel et al. (2013) for further dethitscerthelessa sunmary of

the scope of events thatdleo the construction and evtéibn of the Saldania Belwill be

presented

A description and literature review of the local geology of Saldanha Bay has also been
included to better understand thentext of this studyn relation to previous workloneon

the area of interes review of the Saldanha Bay Volcanic Compleas been insertedvith
special focus on the rocks the PostbergruptionCentre.Clemers and Stevens (2016a) and
Clemers et al. (2017) research othe Saldanha Centre suggest some close relationship
between thewo eruption centresand although the Saldanha Centrg not the primary

subject of this study, it has been includiea contextual and comparative capacity
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22Regi onal Geol ogy
2.2.1The Saldania Orogeny

The orogenic belts on either side of the Atlafficeanhold information about the initial
fragmentation and ting of an older supercontineriRodinia, around 780 750 Ma years
ago. During the breakup of the sopentinent(seeFigure4), an interconnected complex o
rift basins developed along the borders of the RaleoMesceProterozoiccratons. This
exposd the seaboardsreund the cratonrmarginsresulting in the development of a wide
oceanic basi, known as the Adamastor Ocean or prAtantic (Frimmel et al.2001). These
semipull-apart rift basins became the depositional setting for theAR&an 950555 Ma
greenschistacies, volcanosedimentary successions (Hartnady et al., 1985; Rozendhal
1999; Gresse et al., 2006). The Gamtoos, Kaaimans, Kamgdalmesbury groups were
depositedon the continental crusduring thesubduction of the ocearobr in Saldanian
Orogenywhich can be relateb theincrease irsea leved andthedeceaseoft he O6f r eeboa
in geologic history (Dalziel et al., 1994; Romaal et al., 1999). These sedimentary and
volcanic rocks are considerexs the distal facies ofthe rift successions, overlying a mid
Proterozoic crystalline basement on tkeuthwestern edge of the Kalahari Craton
(Rozendaal et al., 1999).

From ~600 Ma onward, the continental fragments of Africa and South Americadedlli
along subductionzones resulting in the closure of the Adamastor Ocedne to the
subsequentocking of the Kalahaand Rio de le Plata cratonand the subsequesmtogenic
mountainbelts (Belcher and Kisters 2008isters and Belcher 2@). Theclosure proceeded

in a north to south zippdike fashion during the continental construction of the southern
supercontinentGondwana, ca. 550 500 M.yrs agoin the late Neoproterozoic to g
Cambrian (Rozendaal et al., 1998Jong the southwesternportion of the Kalahari craton
(Figure 5A), the product of this event is represented by the Dan@adep and Saldania
belts. Thee mobile belts along the soutlesten coastline ofsouthern Africa characterise

the later stages of this evolution (Rozendaal et al., 1999).
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2.2.2The Saldania Belt

The Saldania Belt isouthern Africa, a product dhe PanrAfrican Saldanian Orogeny, forms
part of a system of Neoproterozoimhile belts that border and weld older cratons on the
African continent(Figure 5A). It is alow-grade orogenic belsituated along theouth
westernmargin of theKalahari Cratorand is composed of a number of inliers of greeissch
facies metasedimentary and metavolcanic rgdkalmesbury Group)unroofed in mega
anticlinal hinges of the Pernifriassic Cape Fold Bie(Gresse et al., 199Rozendaal et al.,
1999). The Malmesbury Grou@nd its main exposur® the north of Cap&own constitute
the oldest rocks in the belthey aredivided into thredectonaestratigraphiderraneqFigure

6) by predominant northwest trendirnginstral/dextralstrike-slip fault and shear zones
(Hartnady et al., 1974). Towardlse easbf the belt,severalsmaller exposures of sppsed

0 p-€ a p odks farm part of the SaldaniaeB. As previously mentionedtheseare the
Gamtoos Group in the RoElizabeth ara, the Kaaimans Group in the George area and the

Kango Group in th€©udtshoorn area.

The foldingand thrustingseenin the Saldania 8lt was a result of the Perriiassic Cape
Orogeny This tectonism along with its weakly metamorphosed Neoproterozoaneas
resulted in the overprinting of most of the earfigre-Capé structures and reset radiotme
ages in the metamorphitesofme granitas well)to 236278 Ma (Halbich et al., 1983; Gresse
and Scheepers, 199%tructures indicahg southeastdirectal movementcommon alog the
South African west coasare notablyabsent along the south coaStrésseand Scheepers
1993). Within the Saldania betpre-Capé deformation folding had a NNW-SSE trending
fold axis.As indicated inFigure5 B andFigure6 along the westrn portions of the belt, this
folding formed concentrated sinisttahnspressional deformation. Thissulted in near
vertical faults withthe most pevalent being the Colenso Shear Zq@&5Z) and the
Piketbeg- Wellington Shear dne (PWSZ).
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Figure4: Diagramreproduced frm Nance et al. (2014howingthe asembly and brealtp ofthe supercontinent, Rodinia,
and tte constructiorof the supercontinerondwanaind. (a) 1100 Ma; (b) 1050 Ma; (c) 1000 Ma; (d) 900 Ma; (e) 825 Ma;
(f) 780 Ma; (g) 750 Ma; (h) 720 Ma; (i) 630 Ma; (j) 600 Ma; (k) 550 Ma; (I) 530 Ma
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The ColensdSaldanheStellenboschapnd PiketbergWellington fault zones arpresent on a
regional scal€Figure6). Stratigraphically thesdarge-scaleNW-striking faults zones loosely
separatahe Malmebury Group into three terranes known e southwesternTygerberg
terrane, the central Swartland terrane andnibrgh-easternBoland terrane (Hamady et al.,
1974). The CSZeparates the Sviland and Tygerberg terranes, and BWSZseparates the
Swatland and Btand terranes. The CSdivides older Sype granites present in the
Tygerberg terrane fronthe essentiallyyounger itype granites in the Swartland terrane
(Rozendaal et al., 1994).

dania

Falkland Cane Granite Sut
~Faul apa Granite Suita

lateau T Cenoeois cover Malmesbury =1 -Type granile
Table Mountin SUPSrGrOLR [ S-Typo Grania

and Karsa Groug

Figure5: (A) Palaeographiceconstration of the Saldania Orogemg 550 Mashowing the distribution of the Pakfrican
orogenic belts in southern Africa asbuth America(B) Geological map of th&aldania and Gariep Beliscluding the
intrusiveCape Granite SuiteCGS and the study area of this thesis indicated bye¢deectanglemodified after Rozendaal
etal., 1999)
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However, his terrane model washallenged by Belcher and Kisters (2003) where they
differentiated between an older redefined Swartla@doup and a younger Malmesbury
Group. This differentiation was seen across all éhterranes where both groups were
separated by an inferred unconfagmAn alleged older deformation phase was recognised in
the Swartand Group only ands described as a higirade polydeformegbaragneisswhich
according to Frimmel et al. (2011) is likely to be pEHrthe Mesoproterozoic basemerfithe
NamagquaNatal belt. Ths interpretationhowever becomes highly problematic. Rrmel et

al. (2011) suggesti that the Sward nd At erraneo sedi ments must
their basement rather than the Neoproteronwie as previously mentioned. The same is
likely for the basement of thdB o | a nd . idtheraforeghe eSwartlandand Boland
tectonaestratigraphic units are no longer believed to be true terranes but rather represent para
autochthonous zones of the Kalahari Craton. Onlymésternmost poion of the Tygerberg

terrane might be a true autochthonous texra

Nevertheéss, Rozendaal et al. (1999) suggested a possible M&sdaleeProterozoic
crystalline basement on which the Malmesbury Group was deposited during theibogak
the supercontinent Rodan(ca. 7801 750 Ma). The existence of Namaquar(1.0 - 1.2 Ga)

and possibly an Eburnean (1-72.0 Ga) basement underlying the Malmesbury Group was
confirmedby Da Silva et al. (2000), Scheepers and Armstrong2)280d Villaros et al.
(2012) with repated inherited zircon cores datédckto 1.1- 1.9 Ga within the ntruded
granibids of the Cape Granite Suite.
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2.2.3The Cape Granite Suite

Subsequent to the closure of the Adatba Ocean and continental collisgynthe
Malmesbury Group rocks were syrand postectonically intruded in a pervasive
transpressive regimeetween 555 Ma and 515 Mg Neoproterozoit¢o early CambrianS-,

I- and Atype granites, monzodiosss, gabbrosand quartz syenites. olectively they
constitute the Cape Granite Suite (CGS, Gresse and Scheepers, 1993; Scheepers, 1995;
Scheepers and Armstrong, 2002; Belcher and Kisters, 28@Bgeprs (1995) subdivided

these intrusive granitoids {SI- and Atype) primarily according to geolagal and
petrological analysis as well a0 a lesser extenpn the field relations, multcationic
interpretatios, major and trace element geochemisteye reath element composition and

age

While the age of the Malmbary Group is somewhat elusive, recent geochronological
studies on the exposed upper portions of the Cape Granite plutons points to a late
Neoproterozoic (~57% 555 Ma) timing of dejpsition, sedimentation and volcanism making
them the oldest roskn the Saldania be{Scheepers and Armstrong, 2Q00Pheinliers of the
Saldania belt areartly, unconformably werlain by successions of lowdPhanerozoic
(Ordovician to Silurian) sulgreenschistfacies quartzich metasediments of the Cape
Supergroup ahwere extensively affected during the Perim@assic Cape Orogeny (Gresse
et al., 1992; Gresse et al., 1996; Barnett et al., 1997; Scheepers and Armstrong, 2002).

Based on internal stcture, petrographic analysis, mineralogy, the nature of enclaves,
geahemical features and relationships with enclosing roclcheepers and Rozendaal
(1992) and Gresse and Scheepers (1993) identified three major phases (I, Il, Ill) of igneous
magmatismfor the Saldania belt. Scheepers and Nortjé (2000) later added aroraaldi
volcanic (rhyolitic) phase (V). These do major phases of magmatism wel@ther
subdivided into seven distingtanitic association§Tablel), each having amor more unique
features:Sal, Sa2, Sb, la, Iha and Ab (Scheepers, 1995).
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Tablel: Summary of the major phases of the magmatism for the SalBahjanodified after Scheepers (1995)

Magmatism Associaton Rock Type Examples
] Ignimbrite, tuffigte, quartz | Post ber g | gni mbr i t ¢
Phase IV Volcanic H h .
orphyr or ryo
515 Ma porphyry p phyry
A Alkali Fs granite, Quartz | Klipberg granite
a
Phase IlI syenite
520 Ma : : - :
Ab Alkali Fs Granite Cape Columbine granite
Paarl fine graing granite, Slippers Ba
Ib Granite, alkali Fs granite ) 9 9 PP Y
Phase Il granite
540520 Ma | Monzogranite, granite, Paarl coarsand mediumgrained granite,
a
alkali Fs granite Vredenburg monzogranite, Greyton pluto
sb Granie Trekoskraal granite, Karnberg, Rondeber
granite, Coarse porphitic, Darling granite
Phase | s Granite, alkali Fs granite | Stellenbosch fine grained granite,
&
555540 Ma Contreberg granite, Olifantskop granite
) Hoedjiespunt granite, Seeberg granite,
Sa Granite ) ]
Penirsula granite

2.2.3.1Phase | Magmatism

The first phase (555 540 Ma) of magmatism consists afollision-related syn to late

tectonic granites with peraluminous to metaluminotty® characteristics (Sb, Sa2, Hal
intrusivemainly in the Tygerberg terran8cheepers, 1995)hese granitoids were precursed

by mafic and intamediate magmas of tholeiitic affinity and are characterised blgwand

granophile elements. Thelder and geochemically distin@a association (~560 Ma) is

further subdivided into Saand Sa where BOs and Th were used as the piple
discriminatig factors. For further differentiation Ba, K-O, Zr, Nb, Y and REE
discrimination was applied (Scheepers, 1995). The initial phase of magmatighe

Saldania Belttoncluded with the intision of the Sb granititoids (540 Ma) along ortlive

vicinity of major fault zones. Scheepers (19958 s cr i be t he Mmammaesoci at
metaluminous melts wit a hi gh de gr eandirdefred thatdhe stabilitpaft i on o
amphiboles seen isome intrusions show the transition towardsIthyge charactertgcs of

the second magmatic phase.
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2.2.3.2Phase Il Magmatism

The second phase (54®%20Ma) of magmatism is dominated by ldagztonic, metaluminous
to slightly peraluminous-type intrusionscurrently exposed in the Boland and Swartland
teranes Two distinct associations are recogniséle first (Ia), showing high concentrations
of Th and other radioelementbgeserocksclassifyas high Kcalc-alkaline quartzmonzonites
and granites with-type features. The second (Ib) and slightly yam@-5177 520 Ma)
association, intrus& into the la quartmonzonites,consists of alkali feldspar granites
(Scheepers, 1995R0th associations can be foundtime Swartand and the Boland terranes
(DaSilva et al., 2000Q)

2.2.3.3Phase Il Magmatism

The thid phase consistsf @ series of anorogenic-#pe granites that intruded both the
Tygerberg and Swartland terranes gestonically at ~520 Ma. The intrusion of a hikh
calcalkaline intermediate rocktats this phase of felsic magmatism and can be istudxet

into two canpositionally disinct A-type associations known asa and Ab (Scheepers,
1995). Scheepers and Poujol (2002) describes how the Aa associated granitic rocks, enriched
in Nb, Zr and REE, varin composition from Ab amphibole quarto biotitic quartz syente

and alkali feldspar granite. This association lacks deformation and showsssatalividely
scattered xenoliths, whereas the Ab associated granitic rocks, enriched in Th, Y andg REE,
primarily alkali feldspagranitesand show no such features (Sepers 1995).

2.2.3.4Phase IV Magmatism

The fourth and final phase of magmatism is assigned to the volcanic association of the felsic
magmatic events that took place in the Sald belt. Scheepe and Poujo(2002 described

this phase as fractionated peraluous Stype volcanic and subvolcanic rocks exposed in the
Saldanha Bay area. Tigeis a notablgeochemicadifferentiaion between the two, with the
volcanics being enriched in SiChavinga higher ASI value and a higher /b ratio than the
subvolcanic ounterpart.This phase waalsodescribed by Scheepers afidnstrong(2002)

as extrusions of rhyolitic to rhyodacite peraluminous felsic rocks present abyksed

rhyolites, tuffisites, ad oOquartz por penyside F SaddanbanBaljtwag nor t
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concluded that the volcanisim Saldanha Bayalong the NWSE orientated fracture zone, are
primarily ignimbrite flows and tuffisite intrusion&cheepers and Nort{2002) described the
rocks of the Postberg peninsula, $muthern portion of Saldanha yBaas large ignimbrite
flows which were datedat 515 + 3 Ma by Scheepers and Poujol, (2002) usiimgited
microprobe analysis on zircon

Table2: Summary table othe evolution of the Saldania BeéifferRozendaal et al., 1999)

Event Age Tect_omc Basin type Sedimentation Magmatism
(Ma) regime
Rifting Phase Rift related diamictite,
arkosic qudzite, Rift
Breakup of con Idc;rsrler;?ec Iejartzit volcanic/intrusive
supercontinent | 780- | Trangensional | Stepped puil gand Iimestgne andesite,
Rodinia and 750 rifted magin apartbasins (Goegamma dolerite/diabase
opening of prote Subgroup, Boland _I(_Eljlrt()e;velili(r)]ofa;
Atlantic Ocean terrane, Gamtoos 9. kang
Group)
Evolvin Deep water thick
ocean? turbidite successions Basaltic. WPB
Ocean floor 700- . . (Swartland terrane, A
. Transtentional | continental MORM (Bridgetown
spreading 600 marain Goegamma Subgroug Formation)
basigns Kaaimans and
Gamtoos groups)
Reversal/ 650700_ Sinistral
transpression ang transpressional
subduction phasq
Reversal of
spreading and
closure ofproto
Atlantic Ocean |
: Poorly Syn- and post
subduction/ | 570. developed tectgnic S, I—an A
oblique collision | 545 collision type granites (Cape
orogeny Granite Suite)
(Cape Granite
Suite) (550
Foreland basn | 510) _Foreland, Molassic and related
phase Intra-orogen deposits Kansa
and marginal subgroup
Development of | . | syn to post pull-apart Franschhoék)
syn- to post 510 orogenic basins
orogenic basins
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23Loc al Geol ogy
2.3.1Saldanha Bay, Saldanlsouthwestern coastline of South Africa

Sal danha Bayo6s maj mitallylmapgpddas la 85km’dightleveliintrusive w a s
volcanic successigknown agiSaldanha quartz porphyy($choltz,1946) These rocks were
originally dated by Schoch d@Burger (1976) to have a-Bb zircon age of 522 12 Ma, and

then later dated to 515+ 3 Ma by Scheepers and Poujol (2002) using-naoroprobe

analyses

Scheepersand Poujol (2002)nferred thatt he o S@udeanhhapotheyoyngey 06 was
magmatic pasewhen compared to theurroundinggranites due to the presence of older

granitic enclaves (i.e. Hoedjiespurdr ani t e) i nside o, htheerebyil qu ar t
establishingwhat they integpreted asan intrusive relationship between the twoxk types

These enclavebowever establishes an age relationship between the two rock types but does

not provide evidence for an intrusive origin, @sst explosive volcarsm often produces

large blocls of preexisting rocks at the base of the depositich was not e casen

Saldanha BayClemens and Stevens, 20183ranney and Kokelaar, 2002).

Scheepers and Nortjé (200@)entified the rocks on the southern side ofd@aha By,

known asthe Postbrg peninsulaasignimbrites The rocks on the northern sidenown as

the Saldanhdeninsula were describedby Scheepers and Armstrorfg002 as hymbyssal
rhyolites (sometimes known ¢ee Fi§. qiA) Sacheegersp or p h
and Pojol (2002) pr oposed tthuef ftiesrinm efoSwfH adtablétblaaorad e r o c |
and mineral variationg heserocks exhibit flow banding have a cryptocrystallinematrix and

contain fragmented crystajsalthough they bemme increasingly microcryalline as one

moves further away from théintrusived contacts They proposed that theperaluminous

rhyolitic phaseof the Postberg peninsula and fineg u a r t z t pudf rf pfrihe Bayeadha
peninsularepresentedhe volcaic to subvolcanic hygbyssal /near-surfaceend of theCGS
(Scheepers and Armstrong, 2002; Sgeee and Poujol, 200Z2jhe compgsitional variations
seenbetweent he Postberg | gni mbr it eisateathadthetupper i qu a
SiOp -rich portion of the magma chamber waspieg in the early stages ofystallisation.

This describedhe formation of the basal rhyolitic phase and the crystallization of the upper
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rhyodacitic phase, as the magma chamber becagreasingly more depleted over time
(Scheepers and Nortjé, 2000). 8epers and Poujol (2002) concluded that thelacement
of the tufisitesandi quar t z por phyr yfdthemwagmachambdriumdergoing r e s u |
a huge degassing evamhich caused aeduction in the magma flowehoking the ventsand
creating rocks wit subvolcanic featureg\gain, this interpretation may stem frometlfact
that they viewed the rock body, as a whole, as having an intrusive origin.

The presence of columnar jointing amdcrystallized lapilli as well as evidence of
recrystallized pumic&agments of feldspar and interlocking quartz, seen on both i ziad
microscopic scale, raisatie question of whether or not these rocks have beerpreted
correctly asS a | d aqudrta porphgy. dhis initiated are-examination of the Saldanha
pennsularocks Clemens and Stevens (20ld3tablishedhat the rocksare fragmentedand
show S-type volcaric characteristics and ungmrmably overlay an eroded surface of the
Hoedjiespunt graniteTheyreinterpreted the geology of tf&aldanha Bagrea as &ving two
separate bodies, both of whiare Stype ignimbrites(Figure 7), on opposite ergld the
Saldanha Bay entrancen®lies to the northin the Saldanha peninsuland the otheto the
south,mainly on the tip of the Postige peninsula They describe these-§pe bodiesas a
massive wlded ignimbrite succession ansuggested that the e around Saldanha Bay
represents a large composite caldera complexsistig of the Postberg and Saldanha
eruption entrestogetheikknownas the Saldanha Bay Volcanic Comp{ex

Figure 7B). They concludedthat the rocks of the Saldanhantre are notiuffisited but
predominantly gnimbrites and that theolcanicactivity may have overlapped with thatthe
Postberg entre Since the wholevolcanic complex is roughl 30 km? in extent, it is
reasonable to hypothesizeclose relationship between the two eruption centres and their

products (Clemens et al., 2017).
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Figure7: A simplified geological map illustrating the distribution of thergtia and volcanic phaseow considered tbe

anincorrectinterpretation(after Schepers and Armstrong, 2002).

Clemens and Stevens (2016a) found that in the Saldanha centre, twongealthalistinct

ignimbrite magmas are presentthe Saldanha andalc o b6s Bay

igni mbr it

recognised two geochemically distinct, more silicic magma groups in the Postintrg-c

the Plankiesbaai and Tsaarsbardgnimbrites. The Plankiesbaai anthe Tsaarsbank

ignimbrites occurred exclusively in the Postbergtiee while the other two members, the

Saldanha and Jacobs Bay Ignimbiitescu mainly in the Saldanha centrgith minor

volumes present in the Postbesntre.
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/
Saldanha centre

Postberg centre
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] Ignimbrites

Plankiesbaai and
Tsaarsbank Ignimbrites

B Langebaan “granite porphyry”
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Figure8: A geological map of the current interpretation of th&d&aha Bay Volcanic Complex showing the exposures of
pre-volcanic granitic intrusions as weds the Postberg and I8anha eruption entres (Note that both centres are now
described as Ignibrites). The white areas represent tertiary andternary sandsnd calcarenites(after Clemens and
Stevens2016).
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Clemens et al. (2017) show that the rhyolitic magmas (Saédanti Jacobs Bay Ignimbrites)
erupted at 542 3 Ma, which is consideraplearlier than the published date the Postberg
ignimbrites at 85 £+ 3 Ma by Scheepers and Poujol (2002} least some volcanism
(currently only confirmed for the Saldankantrerocks) was coeval with the mastageof
magmatism in the CGS (550630Ma, Chemale et al. 2011).

The data presented hengll show thatthe ignimbries of the Postbergentre produce an
almost identicalJ-Pb ageto that of the Saldanha Centreniigpbrites(542+ 2 Ma) at a date
that is considerably earlier than the 5453 Ma age published by Scheepers and Poujol
(2002). Clemens and Steve (2016) suggesti, based orthe extent of theoutcrop and
revised mineralog that the volcanic activity of theeruption centres may have beeo
synchronousut thevolcanicactivity of the Saldanha centre terminated slightly earlier than
that of the Pstberg centre. Theew U-PbID- TIMS (Isotope Dilutions Thermal lonisation
Mass Spectrometjyage of 542t 2 Ma for the Saldanha Centpgesented by Clems et al.
(2017), in conjunctiowith therobustU-Pb ageof 536+ 31 542+ 3 Ma presentedh this
thesis for the Postberg centrésee later) confirms this statement conclusivelyit also
confirms that the volcanism seen in ®&danhday area was coeval with the main stages of
magmaism of theCGS (5501 530 Ma). A comprehensiveand comparativegeotemical
datasetwas builtfor the Postberg Ignimbritedsy ¢ o mb i ni n gollectbdisamplet udi e
data with data from Scheepers and Poujol (2008¢heepers and Nortj€2000), Joseph
(2012), Clemens and Stevens (201énhd Clemers et al. (2017) Rb-Sr/ Sn-Nd isotope
correlations hve also been included orderto constrainthe source of the magmatic events
of the Postberg CentiieJacobs Bay Ignimbritaswell as to compare them to thel@&mha

CentreJacobs Bay Il gni mbritebés source.
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this study. The outline of the entire analytical procedure as well as the tuaontrol

measures taken for each siepresented beloveamplesizes werechosen based on the prior

knowledge of the study area and @ms forthe analytical outputsAll data outputs were

then pre@essed and analysed accordingly
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Figure9: Flow chart outlining the research design, data collection, data processing and data outputs.
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32Researcmddasait@gn cal |l ecti on
3.2.1Fieldwork and sampling

The Postberg Ignimbrite of the Saldanha Bay Volcanic Complex are exposed exclusively in

the West © a s t Nati onal Par k, South Africa. Per mi
before the fieldwork commenced. A &btof three representative samples weighing
approximately 46 kg each of the Postberg Ignimbrites were collected in early August 2016,

where sandard sampleollection protocol was followed (sd&gure 10 and Table 3). An

additional two samples were receivedorh Prof Gary Stevens at the Univeity of
Stellenbosch, from theextensive work done on the same area (see Clemens and Stevens,
2016).Altered or weathered segments of rock weraowed witha diamondsaw prior tathin

sectioningandpetrogaphic analysist the University of the Western Cap8outh Africa.

3.2.2Petrographic analysis

Examinaton of the thin sectionghat werecut from variousrock samples was performed at

the University of the Western Cagd s mi cr oscope | abMigoaystemsy usi |
DM300 Transmnssion microscopeavith Binocular 1000 x Transmitted lighBoth normally

transmitted plang@olarized and crosgolarized lightwas usedfor effective petrographic
descriptions on the polistighin sectionsPhotomicrographs of thiin sections were taken

on the same microscope.with a LeicaE camera -
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Google Earth

Figurel10: Google EarthE i mages of the Saldanha BRyIMMi,€a showin
MM2, 3-MM3, 4-Posl,and 5Pos2. White boxes and corsponding letters represent zoomed in portions of the bay.
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Table 3: Rock types and geographic location of all collected samples in Rostberg Centre, Saldanha Baglanic

Complex
Sample Name Rock Type UTM Longitude and Latitude Elevation (m)
S 33H0779154 3 00J mYPo
MM1 Ignimbrite ) 2
UTM-6328628 % pxJ ULVwWO
S 34H0220336 3 0o0J myYbod
MM2 Ignimbrite ) 1
UTM-6328228 % pYyJ TmTMO1
33H0777273 3 00J mYo |
MM3 Ignimbrite ) 5
UTM-6329927 % pxJouvywodp
o S33mMeocm8 ™
Pos 1 Ignimbrite - _ 148
% pYyJnmoop
o 3 00J mx®o
Pos 2 Ignimbrite - ) 0
El7°o 0 qgg 8

3.2.3Whole rock chemistry

The bulk rock geachemical data is presented @ectronic appendiceEEAL andEA2 with a
summarydata tablgpresented iicA3. Approximately 12 kg of rock sample were crushed to
a fine powder €1 mm) using a jaw crusher and tungsten swing prilbr to the preparation
of a fused disc for whole rock analysithe jawcrusherand swing mill were eaned using
pure quartz and acetone after processing each sarapeoid cross contaminatiolass
disks were prepared for XRF analysisCAF, StellenboschUniversity, South Africausing
10g of high purity trace eiment and REE element free flux (LiB® 32.83%, L#B4sO7 =
66.67%, Lil = 0.50%) mixed with 1g of the rock sample.

Whole rock major element compositions were determined by XRF spectroroatrg

PANalytical Axios Wavelendit Dispersive spectrometer. Thetimsnent is fitted witha Rh

tube, a gadlow proportional counter, and a scintillation detector with the following

27 Matthew Misrole- March 2020



A re-assessment of the geochronology and geochemistry of the Postberg Ignimbrites, Saldanha, Western Cape,
South Africa
analysing crystals: LIF200, LIF220, LIF420, PE, and PX1. Thd fgagd $roportional

counteruses a 90% Amn andl0% methane gas mixture.

Major elements were analysed on a fused glass ati§0 kV and 50 mAube operating
conditions. Matrix effects in the samples were corrected for by applying theoretical alpha
factors and reasured line overlap factors foetraw intensities measured withet SuperQ
PANalytical softwareThe iesults are reported normalized to 100 wt% anhydrous, with total

Fe expressed as FEO

3.2.4Trace element chemistry

The hulk rock geochemical data is presashtasElectronicAppendices£A1 andEA2 with a
summary data tablpresented irEA3. Fusion disks were prepared for XRF analysis by an
automatic Claisse M4 Gas Fasiinstrument and ultrapure ClgésFlux, using a ratio of 1:10
sanple: flux, where the samplesere coarsely crushed and a chip of sample mounted along
with up to 12 other samples in a 2.4cm rouasim disk. The mount was mappadd then

polished for anlgsis.

An ASI 193nm resolutionExcimer laser connected to an Agit 7500ce ICAMS was used

for the analysis of trace elements in bulk rock samples and single mineral grains. Ablation
was performed in He gas at a flow rate of 0.35L/min, and then mixtdangon (0.9L/min)

and Nitrogen0.004L/min) just before introduoin into the ICP. For traces in fusions, 2 spots

of 100um were ablated on each sample using a frequency of 10Hz and 3&dcgy(See
Table4 for further detas).

Trace elements were quantified using NIST 612 for calibratahthewt.% SiQ, from XRF
measurement as internal standard, using standasdmple bracketing. Two repate
measurements were made on each sampith the average reported as the measu
concentrationThe calibration standard was run every 12 sasa@lequality control standard
was run in the beginning of the sequence as well as with the calibratolarsta throughout.
Furtherqueriesregarding the analyticgrocedures and methodblould be addressed to the
Central Analytical Facility (CAF) at Stenbosch University, South Africa.
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3.2.5Rb-Sr & SmNd isotope analysis

Tracerisotope data collected for tiostberg Centré Jacobs Bay Ignimbrites are presented

as Electronic Appendi€A7. Chemical preparation of wheleck § and Nd isotope analysis
(Tablel) was performed in PicoTrace® clean lab facilities and isotope ratios were measured
with a Nu Instruments thermal ionization mapsarometer (NWT'IMS) at Departamento de
Geologia, Centro de Invégacion Cientifica y de Educacién Superioe d&Ensenada
(CICESE) in the state of Baja California (Mexico), equipped with twelve fixed Faraday cups
and the Ntinstruments zoom optics for pedt alignment of all masses of interest into the
Faraday cups. Eleemt separation was achieved in two stepst With quartzglass columns

filled with DOWEX AG 50W-X8 resin to separate Sr and REE and then witlspac® resin

to separate Nd. Samples wdoaded on Re filaments inodble filament technique with
HsPQ, for Nd and with single filament technique togathvith a TaF4 activator for Sr. Both

Sr and Nd isotope ratios were measured in static mode (8 blocks of 10x16 s integrations).
Correction for mas bias for Sr and Ndas achieved by normalizing 8SrfSr = 01194
and®Nd/4Nd = 0.7219, respectively.

3.2.6Zircon U-Pbgeochronology

All U-Pb data for the samples collectedm the Postberg Centr8aldanha Bay Volcanic
Complex is presented as dflectronic AppendiXEA6. Prior to UPb dating the folowing
sample preparatioprocedures were followed: Crushing and milling of approximatedykg

rock sample, panning and magnetic separation by Frantz Isodynamic Separdtbheavy
liquid separation tétrabromoethan& Br.CHCHBKR) to further separate ¢hnonrmagnetic
fractions. From the processed sample, zircons were handpicked using a Wild M3Z
microscope A mixed SpeciFix Resin and Curing Agenbrag with the EpoFix Reés and
hardener were poured into the mould and allowed to @irach resin mount) The mount

was thenpolished(1um) and prepared for cathodoluminescence (CL) imaging wifleias
MERLIN Field Emission Scanning Electron Microscope {(§EM) at CAF, Stellaboxh

University.
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In-situ U-Pb age dating of zircons was perfead at the Centraénalytical Facility (CAF) at
Stellenbosch University. All TPb age data obtained at the CAF were acquired by laser
ablation - single collector- magnetic sectorfield inductively coupled plasma mass
spectrometry (LASFICP-MS) employng a Thermd=innegan Element2 mass spectrometer
coupled to an ASI Resolution SE S155 Excimer laser ablation system. Prior to age dating, the
internal textures of the zircons were studiedCly imaging obtained atCentral Analytical
Facility (CAF) at Stellabosch University (se€able4).

All U-Pbage data presented here was obtained by single spot analyses with a spet diamet
of 30 um and a crater depth of approstely 1015 pm. The methods employed for analysis
and data proceswy are described in detail by Frei and Gerdes (2009) and Cornell et al.
(2016). The calculation of Concordia ages and plotting of Concordia diagvesne
performed using Isoplot/Ex 3.0 (Hwig, 2003). For detailed method descriptisesTable4

as well asreiandGerdes (2009).
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Table4: LA-SFICP-MS U-Th-Pb dating methodologgrovided byCAF, Stellenbosch University.

Laboratory & Sample Preparation

Laboratory name

Central Analytical Facility, Stelldsosch University

Sample type / mineral

Magmaticzircons

Sample preparation

Conventional mineral separatidhjnch resin mount, 1 um polish to finish

Imaging

CL, LEO 1430 VP, 10 nA, 15m working distance

Laser ablation system

Make, Model & type

ASI Resolution SE S155, ArF Excimer Atlex ATL

Ablation cell & volume

Laurin Technology S155 double Helix large volume cell

Laser wavelength

193 nm

Pulse width 4ns
Fluence 1.4 J/cn? (measired with external energy meter above sample funnel)
Repetition rée 9 Hz
Spot size 30 um

Sampling mode pattern

30 um single spot analyses

Cell carrier gas

100% He, Ar and Bimakeup gases combined using injectors into doubl
Helix sampling funnel

Pre-ablation laser warroip (background

3 cleaning shot®llowed by 20 secondsackground collection

collection)
Ablation duration 15 seconds
Washout delay 15 seconds
Cell carrier gas flows 330 ml/min He

ICP-MS Instrument

Make, Model & type

Thermo Finigan Element2 single collector HE=ICP-MS

Sample introduction

Via Nylon 10 tubing

RF power

1350 W

Make-up gas flow

910 ml/min Ar & 0.03 ml/min N

Detection system

Single collector secondary electron multiplier

Masses measured

202, 204, 206, 20208, 232, 233, 235, 238

Integration time per peak

4 ms

Totalintegration time per reading

1 sec
(represents the time resolution of the data)

Sensitivity 30000 cps/ppm Pb
Dead time 6 ns

Data Processing
Gas blank 20 second oipeak

Calibration strateg

G}L used as primary refereedas
secondary reference material (Quality Control)

ma

Reference Material info

GJ}1 (Jackson et al 2 0 0 4M127 (Ralsdalg et
al. 2008; Mattinson 2010)

Data processig package used / Correctior]
for LIEF

In-housespreadsheet data pessing using intercept method for LIEF
correction

Mass discrimination

Standaresample bracketing witf’Pbf%Pb and?®®PbP38UJ normalized to
reference material GD

CommonPb correctio, composition and
uncertainty

204method, Staey & Kramers (1975¢omposition at the projected age o
the mineral, 5% uncertainty assigned

Uncertainty level & propagation

Ages are quoted at 2 sigma absolute, propagation is by quadratic addit
Reprodudility and age uncertainty of reference meaeend commo#Pb
conposition uncertainty are propagated.

Quality control / Validation

M127: Concordia age = 529+4 Ma (2s, MSWD = 0.27)

Pl egovice: CoxdMa@dMSWD&x0.47) = 340
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3.3Dat a qaumtlrialy c

3.3.1Whole rockchemistry

The control standardgsed in the dibration procedures for major element analyses were
NIM-G (granite from the Council for Mineral Technology, South Africa) and BHVO
(basalt from the United States Geological Survey, Rgskmr quality cotrol, GJ}1 wasused
astheprimary reference matial andP | e g o v i ¢ e th&ecbhtla?yfefeees material.
In-house spreadheet data processing using intercept methasl usedor LIEF correction.
Standarésample bracketing witf”PbF°Pb and?*®PbP*8 was normalized to reference

material GJ1, seeElectronic AppendiEA4.

3.3.2Trace element chemistry

BCR-2 or BHVO 2G, both basaltic glass certified reference standards produced by USGS (Dr
Steve Wilson Denve, CO 80225), were run at the beginning of the sequenceisiarf
control standard from certified basaltic reference material BC&tso from USGS) was also
analysed in the beginning of a sequence to verify the effective ablation of fused miBberial
reference material is from published BHVO glass in Jochuah ¢2005) and BHV(powder

form Jochum et al. (20)6Data tables are presented as Electronic Appeiéik

3.3.3Rb-Sr & SmNd isotope analysis

The reodymium stadard Ndi-1 (Tanaka et al., 2000ganalysed in the same run as the
unknownsyielded**Nd/**Nd = 0.512103 N 3 (28):; the av
same month was 0.512099 + 4 (1 s.d.). NIST 987 standard yfEBitiSr = 0.710236 + 10
(20) wh eed witiméha snknowns, and an average of 0.710236 + 8 (1 ferdsix

analyses carriedut in the same month as the analysis of the unknowns.
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3.3.4Zircon U-Pbgeochronology

For quality control, the Plesovice (Slama et al., 2008) and M127 (Nasdala et al., 2008;
Mattinson, 2010) zircon reference materials were and)yeed the results were castently

in excellent agreement with the publishedTIMS ages.Full analytical dedils and the
results for all quality control materials analysed mresented as Electronic Appendbd5
(Figure37Figure40). Table4: LA-SFICP-MS U-Th-Pbdescribes thdating methodologpf

CAF, Stellenbsch University
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4RESULTS

41l ntroducti on

This chapter aims to embo@yl the data outputsf the Posberglgnimbrite- Saldanha Bay
research. An arrgyy of figures, graphs and tableare presentedbeginning with a
petrolographicadisplayof the Postberg Ignimbrite samplasariousphotos of rock cuttings
are displayed along wittheir correspondinghin-section photomicrographs

The geochemical outputs amtisplayedas a variety of chemicalariation diagramslt is
important to noteas this thesis aims to-essedoth geochemistry and the age distribution of
these ignimbrites relative to previossudies,that the geochemét data for the Postberg
eruption entreis a colection of various studies, includinG§cheepers and Pl (2002),
Scheepers and Nort{2000), Joseph (2012), Clemens and Steverss(2@nd Clemens et al.
(2017) with additiond field samples collected fo this report. Furthermore, a variety of
geochemical plotérom Clemens et al. (2017) hanbeen ioluded for the Saldanha Centre
Ignimbrites. Although they are nofpart of the primary study, they havebeeninsertedfor

contextu comparative and classifiion purposes.

Rb/S and Sm/Nd tracer isotope data fBpstberg Centré Jacobs Bayignimbrites is
displayed as a variety of correlation plots and tables, which includesdhthe Saldanha
Centrel Jacobs Bay ignimbritesriorder to compare their magtic sourceo that of the

Postberg eruption centrall the modified data tables aresgiayedasElectronic Aopendices

The U-Pb isotope data results are presentechisodoluminescend€L) images,Concordia

data plots and probabilitydensity distribution plotdor selected samples of the Postberg
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Centre. A description of the form, colour, and internal structure of the extracted zircon grains

are presented with the-Bb age for the vasus samplesreferencedo their mrresponding

figures and their respective data tabk® displayeth the Electronic Appendiceaong with
guality control diagrams for selected reference material

In this chapterseveral abbreviationare usedor the various types dafyjnimbrites found in

the Postberg and Saldangraiption @ntre. When referring to the eruption centres themselves

t he abbr evi atforthe Rosthelg CeéntreiaBdSG8 eflor t he Sal danh
mentioned before the Saldanha Bay Volcanic Complex has four geochemically distinct
magma seriesThe abbreviations for the different magma series were done as follows: the
Plankiesbaai Ignimbéts APl 0 and Dsaarsbdanmk ol dmiomh four
the Postberg Centre) and the Saldanha 1 gni mb
in both eruption centres). Therefore, when describisgexific magma series (PI, TIl, Sl or

JI) within an eruption centre (P or SC) the abbreviatiowas madeas follows:ier upt i on

c e n tirfienda g sna r .i Fersedample, the Postberg CentreSaldanha Igimbrite is

abbreviated to (PSI) and Saldanha Centr&aldanha Ignimbrite to (S6I) etc.
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42Peagr aphy

The three represeaative iMM 0 samples of this studgollected fran the Postberg Centege
fine-grained pyroclastic rocks that cheally classify as JacobBay Ignimbrites(PC-JI).
They are lighthedium grey to pale brown in colo(ffigure 11) and ontain small magma

clasts

Phenocrysts constitutaround 5665 vol % of the Postberg Ignimbrites with varied
phenocrystic assemblagefs(note these are expressed as a percentage of the phenocrysts vol.
%) alkali feldspar (35% quartz (25%), plagioclag@0%), biotite (15%) and orthopyroxene
(5%). The crystalgrain size varies betweemicrocrysts of ~0.1 mm to 0.6 mmand
phenocrysts from 0.8mm to ~6mmSeveralextures and alteratiortsin also be seen the
photomicrograps and will be discussed ¢t The diagramslisplay a varety of phote
macrographs(Error! Reference source not found) and photomicrographs(Error!
Reference source not foundError! Reference source not found.ancerror! Reference

source not found) with some areas ofinterest displayed at 1«/0.25 magnification
(displayedn both cross and plarpolarised lighk.

Alkali feldspar(usually light to mediungrey/pale brown to tan in colguand quart{pale to
medium grey in colourmake up the greatest prafion of phenocrysts in th@ostberg
Ignimbrites (~60% of the total phenocrysticvol. %). Approximately 35 val % of the
Postberg Ignimbrites is groundmasgrimarily recrystallized polygonal quarend feldspar

(plagioclase and alkali feldspag)anules wih some recrystallized bidgéi ingrowths
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Figure1l: Macrophotographs of the rock samples collected in the Postberg Centre. A®aBiple MM1; C & D)}-Sample
MM2; E & F) -Sample MM3.

Alkali feldspar phenocrysté~1-6 mm grain siz¢ form subhedal to anhedral grain shapes.
They are often fracturdoroken(Figure12 A, C, & F and Figure13 A, C & A) and exhibit
some rounding at the edgektbe crystal(Figure12 A, C & F and Figure13 A, C & F).
Exsolution of albite lamae (Figure 13 A & E) as well assericiteand chloritealteraton
(Figure 12 E, Figure 13 C & D andFigure 14 C & D), although highly variable, aneot
uncanmon The perthitic texure seen in these crystatgused by subsolidus unmixing of
two minerals, resulted in aimtergrowth of both sodic and potassic felaispduring
recrystallization(Figure 13 E). Under higher magnificationdisplays of both simple and
multiple twinning areobserved in most alkali feldspar phenocrysts, where multiple inclusions
of biotite, orthopyroxene and zircoffsigurel12 A & B, Figure1l3B, C& D and Figurel4B,

C & D) are a regular occurrence.
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2 10x/0.25 XP

)

Figure12: Photomicrographs of representative saniih1 for the Postberg Centia the Saldanha Bay Volcanic Complex
showing the mineralogy and texturel images were taken under cross polarized light. Please note plate B) and E) are
taken at a higher magnifiéah (10<0.25) and are represented by the cécles in plate A) and DespectivelyPlease note

that the polarisation on the microscope is not quite right (the two polarising lemseslightly offsetfrom exactly

perpendiculato each other).
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Quartz phenocrysts are euhedral to subhedral anel dogvain sizeangeof arond ~16 mm
(Figure12 A andFigure 13 A & F) and microcrysts ranginfjom 0.1:1 mm (Figure12 E).
Both sub grain and monocrystalline veeties (exhibiting charactestic undulose extinctign
seen inFigure13 A andE. The red box indicating the original position of the stage and the
blue box indicating the rotated positipare observed across all threkethe sample&thin
sectiors. Bothtypesdisplay slight fracturing around the edges of the crystal antygically
filled with fine-grained matrix material (polygonal feldspar, quartné biotite) or quartz
microlites(Figure1l2E & F andFigurel3A, E & F).

Plagoclase phenocrystigrain size range 0f0.56 mm) have euhedral formd=jgure 12 C
and Figure 13 A, C & F). These crystals display welto poorly-defined fracturing ath
display characteristic oscillatory zoningometimesobscureddue to sericite or chlorite
alteration, which is morerpdominant here than ithe alkali feldspar phenocrydtSigure 12
A andFigurel3C).

Biotite phenocrysts, the main ferrogreesianmineral in the rock samples, forms reddish
brown tabular/plate shaped crystéFigure12 B & D, Figure 13 E andFigure14 C & D).
They have varied grain sizes ranging from ~@in (microcrysts) to 4nm (phenocrysts).
Interstitial and lamellar laths can be observed within larger crysfalsotite as well as
within other mineralghat had preexisting fractureqFigure 12 B and Figure 13 E). On
occasion, biotite overgrows the matrix and become partly altered in the pfeicess12 A-
indicated by green dashed ljr®, D & E, Figure13 C & D and Figure14 C). They contain
inclusions of alkali feldspar, quartz and zircgrgyure12 B, Figure13B, C & D andFigure
14 B, C & D). Sericite, irm oxide and chlote alterationsare often associated with these
phenocrystsin PPL biotite is typically light brown to eeddish brownin colourwith circular

smts known as Apleochroic halos. 0

Phenocrystic pyroxene rangestween 0.10.5 mm in lengthand display apinkish blue to
yellowish browncolour. The crystal maintains strong angular ed@ghtly fractured while

biotite reaction coronas can be seen around fractured sections of the phefkoguystl(

F).
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Figure13: Photomicrogrphs of representative sample MN&# the Postberg Centre in thel&@nha Bay Volcanic Complex
showing mineralogy and textures. Théasages were taken underosspolarized lightexcept for plate D) which was taken
under plane polarised lightlease note plate C) ang Bre taken at a highenagnification (10x0.25) and is represented by
the red circlan plate B)(red box indicates the originatientation;the blue box indicated thetatedposition). Please note
that the polarisation on the microscope is not quite right (the two polarising lemseslightly offsetfrom exactly

perpendiculato each other).

40 MatthewMisrole - March 2020



Chapterd: Results

The groundmass has undergone substantial redigation where most of itriginal
textures, which would genenglclassify them as pyroclastic, were removed in the process.
The microcrystalline groundmass shasvconsiderable compositional variation between
individual samples, as well as within a demgample thin section. Itis primarily made up of
egugranular, ecrystallized polygonalquartz andfeldspar granules with some recrystallized
biotite ingrowths (Note, the groundmass grain s much smaller around some of the
guartz and feldspar phocrysts as seen Figure12 A, C & F, Figure1l3 A & E andFigure
14A).Insomearean f t h e t hbetweersadjacént oo brokem phenocrytbis matrix
grainsvary in si2 form ~20um to ~1mm and ontain similarly sized crystals quartz or
slightly coarser glomerocrysts of feldspar, quartz and biotitén @ome cases, quartz and
biotite only Figure 12, Figure 13 and Figure 14). There are alssomechlorite alterations
displaying a dark green to olive colour and constitutes the main alteration assefobtage
ignimbrites of the Postbernd Saldanha eruption cent{€sgurel2 E, Figurel3C & D and
Figurel4C & D).

One or two zircon grainsFgure 12 B, Figure 13 A & E and Figure 14 A) displayng
cloudypatchy colous of light-pink and greerare also seen in some photomicrograftigh
order interference colours). They ayenerallytetragonalprismatic shaped with dipyrimidal
gaintip terminations, commonly foundvithin, or surrounded by bidgé and pyroxene
(brown/lightbrown/green).
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Figure14: Photomicrogrphs of representative sample MNt8 the Postberg Centre in the Saldanha Bay Volcanic Complex
showing mineralogy and textureébhese images were takander crospolarized lightexcept for plate D) which was taken
under plae polarisedight. Please note plate )) and F)are taken ah higher magnification (¥0.25) and is represented
by the red circle in plate Bynd E) respectivelyPlease note #i the polarisation on theienoscope is not quite right (the two

polarising lenses are slightly offset from exactly perpendicular totheln).
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43Bul k rock chemistry
4.3.11gnimbrite of the Saldanha Bay Volcanic Complex

The bulkrock chemical datdor the S#&danha Bay Volcanic Compleis presentedin
Electronic AppendiEAL andEA2. Since the Postberg Ignimbrites form the primary focus of
this study,the Saldanha Ignimbrites have only been addedcontextual and compareg
purposesA summary table ofhe geochemical datéor both eruptioncentres are presented as
Electronic AppendiEA3.

Both geochemicatlatasetsincludesamples A1A40 and B1B32 from Scheeperand Poujol
(2002), some ofwhich were tabulated by Scheepers aartje (2000), with alternative
sample numbers with QP prefixadded by Scheepers and Poujol (2062) those selected
samples,both sample numbers are given, separated by commasE@2yi B10, QPJ.
Samples CIJALJIA7, AJB9-CJIB30, MBIMB26, WIG and WP8NP31B are frsmn Joseph
(2012).SamplesPosl1 &Po2 in EA1 and SaliSal8 inEAZ2 are from Clemenst al. 017).

Note, this daasetwas originally used by Clems et al. (201)yandmodified by the addition

of samples LQP-LQP6 form Scheepers and Nortje (2002) asliwas threeadditional
samples form present work (MMMM 2 andMM 3). Both Scheepers and#jol (2002) and
Joseph 202) had sanp | es wi t h 6O A 0 thustoctleadyBddfergptiate the twe s ;

sets, 6CJ6 has been added to the prefixes of

As previously stated, Clemerand Stevens (2016) showed thatdaaha Bay Volcanic

Complex las two bodies of Sype ignimbrites at opposite ends of the Saldanha Bay entrance,

with the Saldanha eruption centre to the north and the Postberg eruption centre to the south.

In the Saldanha Centre (SC), two chemically distigaimbrite magmas are per# - the

Sal danha I gnimbrite (SI1) d'medinitial eecognididnsandB ay i
chemical characterisation of these ignimbrites are best illustrated on thesTiIKO (Figure

17 B) plot afterClemens and SteveK2016).
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Figure 15. Google Eartk image of theSaldanha Bay Volcanic Complex (indicated by the white dakhedbox)

displaying the Postberg eruption centre and the Saldanha eruption centre.

They ako recognised two chemicallyistinct, more silicic magma groups in the Postberg
centre (PC) - the Plakiesbaai Ignimbrites (Pl) and Tsaarsbank Ignimbrite@l). The
chemical differences between these two ignimbrites are best illustragidts with KO as

the abscissarhe Mg# (mda. 100 Mg/ [Mg + Fe])vs. K20 plot (Figure16) shows a clear gap

in Mg# between the Tsaarsbank and the Plankiesbaai ignimbrites, with the latter being more

ferroan in composition (Mg# < 13).

Since thePlankiesbaai and the Tsdaask Ighimbrites occurred exclusively in the Postberg
centre and the other two memheale Saldanha and Jacobs Bay Ignimbyibesur mainly in

the Saldanha Centre, with minor volumes present in the Postberg Centre (twoapiglesr
and one blue trianglin Figure 16 a & b), Clemens and Stevens (2016) surmised that the

volcanic activity in the two eruption centres may have occurred simultaneously, but the
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activity in the Sklanha centre may have termated earlier than that diié¢ Postberg centre

(discussediater with the new geochronology data)

It is for this reason that ¢hsamples colleet from the Postberg Cent®M samples, red
circles) as well as the volcanic (LQWellow circles) samples dm Scheepers and Nortje
(20@) in Figure 16 a) & b) had to be classified accordingliFigure 16 displays all the
samplesfrom both the Postberg Centre and the Saldargrar€with the R as correlation

coefficients for each ignimbie.

® Postberg CentreMM samples A Postberg Centre - MM samples
o Postberg CentreLQP samples A Postberg Centre - LQP samples
®  saldanha CentieSaldanha Ignimbrite A Saldanha Centrei Saldanha lgnimbrite
B  saldanha CentieJacobs Bay Ignimbrite A Saldanha Centre i Jacobs Bay Ignimbrite
35
(a) 26 (b)
2 N
oo ]
R?=0.0906 ofoo@ aon®e 30 2z ol " g
2 g E’Duaﬁ-ﬁugég\ a g% R=0.1301 .jﬁn;_@\u@g, B oo
o ﬂAD oI Hg—o = @ mD@E! o 0,0
01 LI L S % Sy L
i g e e 2 ® o° e S
[ ° ) 25 Q A A B
s 18 @@ . ) 9/9%"60% :o® K % R? = 0.0556 §_,,6?§§Egg: %%
16 YO e T @ o oa R0 2 meamnt, t ey
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14 0 2.0 A — % A
a8 ah Blya T R=00077 o
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® Ao, A
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Figure16: Diagram showing the chemical variation between the Ignimbritéseo$aldanha Centfeepresentedby various
coloured squares and circleend Postberg Centigepresented by vimus coloured trianglesMM samples from present
work and LQP samples from Scheepansl Nortje (2002) have also been included asaretlyellow circles respectilye
Plot (a) Mg# (mol. 100 Mg/ [Mg- Fe]) is modified aftefig. 20a from Clemens and Stee(2019. Plot (b) is modified
afterFig. 10d from Clemens et al. (2017).
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4.3.2Sample classification

When all the geochemical data is viewed osirggle chemical variation plpgs seen in
Figure16, it is unclear or challerigg to identify which of thdour known magma groups the
collected Postberg Ignimbritesamples relate td=or examplan Figure 16 (a), the Postberg
Ignimbrite LQPsamples RGLQP, yellow circles)lie within the same general araaboth
the Saldanha éhtre Saldanha Ignimbrites (SSI, blue circles)and the Postberg Centre
Tsaarsbank Ignimbrite¢PC-Tl, orange triangles)Likewise, the PGMM samples (red
circles)could belong to either Saldanha Centre, Jacobs Bay Ignimbriteli(Sthk squares)
or the Saldnha Centre, Saldanha Ignimbrites {SICblue circle}.

Figure 17 presents a number of chemical variatiahagrams;Figure17 a & ¢ (Zr, KO vs.
SiOp), b & d (TiIO;, FM vs. K20) and e & f (TiQ, Al20s vs. FM) which classify theMM
samples cltected in the PostbergeBitreasJacobs Bay Ignimbrites (R3).

Figurel8a & bdisplays two chemical variation plof§iO2, CaOvs. K20) andclassifies the

volcanic LQP samples collected the Postberg Centre [f§cheepers and Nortje (2002) as
Tsaarsbank Ignimbrites (PQ).
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Figure17: Selection of chemical variation plots showing rocks of the Saldanha €enatre 0 b 6 s  Bta (8CJI, ginki mb r i
squares), th Saldanha Cent®aldanhdgnimbrite (SCSI, blue circles) as well as the Postberg Cehtké samples (PE€

MM, red circles) collected fathe present work. Plots ZandK20 vs. SiOz are modified versions of the Harker plots Fgg.

and Fig. 4e from Clemeret al (2017) respectivelyPlotsTiO2 andFM [FeO" + MnO + MgO]vs. K20 are modified after

Fig. 7a, bfrom Clemens et al. (2017). Note theochemicatlifference(TiO2 & FM vs K20 and TiQ Al203 vs FM)in the of

the magmas thdbrmed the Saldanha Ignimibt e and t he J a ofdhie &adanBaeyuptibrgeanitrdrebPCi t e

MM samples cathereforecb e cl assi fied as Jacobods Bay Il gnimbrites.
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Figure18: Diagram showing chemical Mation plots beveen the Saldanha Cent®eldanha Ignimbrite (SEI, blue circle)

and the Postberg Centfsaarsbank Ignimbrite (RTI, orange triangle) as well as the Postberg Centre Volcanic rock
samples from Scheepers and Nortje (2002)-(B®, yellowcircles). Theselots clearly display the @mical differences
between the Saldanha and Tsaarsbank ignimbrites which may not be appeigumtst6 (a) and (band certainly classifies

the PCLQP samples as Postberg Cenfreaarsbank Ignimbes (PCTI).

4.3.3lgnimbrites of he Postberg Centre

Using the T/ diagram(Figure 19; after Bas et al. 1986 and themolar NaO i AlO371 K20

plot (Figure 20), all the analysedamples from both the Postberg @erand the Saldanha
Centreare peraluminoudorm part of the subalkaline/tholeiitic series and are classified as
rhyolites As previously statedthe initial chemical characterisatiaf two distinct magma
groups within the Postberg Centmeas recognisedy Clemens and Stevens (&)1i
Plankiesbaai and Tsaarsbank Ignimbrites. Both magma gamigharacterised by high SIO
contents (>76 W), a lack of variation in Ti®@ and Zr, high Al2Os and ASI values
(aluminium saturation indexjow CaO and NgO, ard a highly ferroan charactewith Mg#

values of < 18.

The resultsof the geochemical analysis for samples the Postberg Ignimbrite@~igure
21Figure24) are in excellent agreement with the work done Bn@ns and Stevens (2016)
ard Clemens et al. (2017igure21 displays a variety of Harker diagrams for selected major
oxides (TiQ, Al203, Ca0,P.0s, Mg# (mol. 100 Mg/[Mg + Fe]), N, K20 and ASI (mol.
Al20s/ [CaO- 3.33 BOs + NaO + K>O]) showing the flds for various magmseries and
plotted with SiQ as the abscissaFigure 22 displays Harker diagrams for selected trace
elements (Rb, Sr, Zr, Ba, \Zn) versesSiO, content The same plots are disgkd inFigure

23 andFigure24this time plotted against the® content.
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Figure 21: Harker plots of selected major oxides and dmtiparameters for rocks dfe Postberg Centre in the Saldanha
Bay Volcanic Complex; (aJiO2z, (b) AlOs, (c) CaO, (d) EOs, (e) Mg# (mol. 100 Mg/[Mg + Fe]), (f) N®, (g) KO
showing the fields for various magma series, (h) ASI (motO&I [CaO - 3.33 P20s + NaO + K20]). Plankieshai
Ignimbrite (PGPI, green triangle), Tsaarsbank Ignimbri@G-TI, orange triangle), Saldanha Ignimbrite ¢(BC blue
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Figure22: Harkerplots of selected trace etents for rocks of the Postberg Centre in the Saldanha Blaanio Complex;
(@) Rb, (b) Sr, (c) Zr, (d) Ba, (e) V, (f) ZRlankiesbaai Ignimbrite (R€I, green triangle), Tsaarsbank Ignimbrite (PC
orange triangle), Saldaalignimbrite (PCSI, blueti angl e) and Jaco{dfpmktiaagle). | gni mbri te (P

All the PC samples have ASI values (mol-®@4 [CaOi 3.33R0s + NaO + KxO]) that are >
1.0 and generally >1.1, with only two samples of theJPkaving ASI valuesol.09 (Figure
21 H). They have high ADs content (avg. 13.58 vith), a low CaO content (avg. 1.06.%)
andNaO (avg. 2.48 wbo). They havefairly high SiQ contents (69.92 Wk - 79.04wt.%)
with an averageSiO, for the PGPl ard PGTI between 77.55 wio ard 76.33 wt.%
respectively.The ignimbrites found exclusively in the Postberg Centre RP& PCTI) is
more silicic than its P&GI (SIG: = 74.18 wi%) & PGl (SIG =72.19 wt%) counteparts
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These ASI and SiPvalues are chargaristic of S type magmas sadescribed by Cheppell
and White (1974).

Figure21 a (TiO vs. SiQ) shows a clear distinction between #i®: contentof PC-JI and
PGSl as well as the R€I and PCTI. The TiG ranges are as follesv PGJI (0.330.48
wt.%), PC-SI (0.26wt.%), PGTI (0.16-0.19 wt.%), PGPI (0.150.19 wt.%). The dividing
TiO2 contentbetweenPG-Sl & PCJI and PCTI &PC-Plis set at < 0.2 W% (represented by
the solid grey line irFigure21 a). The dividing TiQ content st at 0.28 wt% by Clemens et
al. (2017) for the SESI and SECJI (represented by the solid black lineFigure 21 a) also
hold true for the Sl and Jbund inthe Postberg Centre, although a slightwér limit of
0.25wt.% is sugyested

The Mg# (mol. 100 Mg/ [Mg + Fe])in Figure 21 e andFigure 23 e, is the only clear
geochemical parameter that shows a distinct separation betlweeRldankiesbaai and
Tsaarsbank Ignimbrites, witMg# values ranging PI: 8.612.79 and TI: 14.9Q07.87. Based

on the 43 samples from the PZ8 samples for P@I and 15 samples for PQO) the dividing

Mg# conent isset at Mg# = 14with PGP 1 O 1 4T | a nOBighdZ1 €& Figure23e).
PGPI and PCTI are characterised bylack of variation in Zr content, higher Rb content and
lower Sr, Ba, V and Zn content when compared to itsSP@nd PGJI counterpartsHigure

22 af). These observations become even clearer with the selected trace elements plotted with
K20 as the absciss&i@ure 24 a-f) although, without the Rvalues (correlatiorcoefficient
lines) for eactparticular ignimbrite, it is quite difficult to distinguish between the Pl and Tl
using trace element data alomNevertheless, they do show that these magmas are distinctly

different from the magmas of the Saldaiitraption Gntre.
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Figure 23: Variety of major oxides and derived parameters for the rocks of the Postberg Cetitee Saldanha Bay

Volcanic Complex, plotted against® content. (a) Ti@ (b) CaO, (c) SiQ (d) FM[FeO" + MnO + MgQ], (e) Mg# (mol.
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Figure 24: Variety of trace element concentrations for the rocks of the Postberg Centre in the Saldanha Bay Volcanic
Complex, plotted against2K content. (a) V, (b) Rb, (c) Zn, (d),Se) Zr, (f) Ba. Plankiesbaai Ignimbrite (R€l, green

triangle), Tsaarsbank Ignimbrite CPTI, orange triangle), Saldanha Ignimbrite (BC b | u e

Ignimbrite (PGJI, pink triangle).

54

triangl e)

MatthewMisrole - March 2020

and



©SC-SI  [OSC-JI  @PC-JI (MM samples) © PC-TI (Pos samples)
(a) 160 (b) 160
(o] (o]
140 140
120 120
= =
2 100 2 100
E o B E
5 80 g 80
3 2 %
g 60 a ° z 60
= a o
40 8 e a0 °
20 oo o 20
o (=] (=]
0 oo BIM & " %G roxb ae 2P o o gﬁg o g
69 71 73 75 77 79 0.15 0.25
Si02 (wt%)
(c) 160 (d) 160
) o
140 140
120 120
2 3
2 100 2 100
E eaf E
5§ % . 5 8
® ®
£ 60 s s g8 3 60
w fal w
40 e s 40 °
20 a a o 20
. 2
0 ) g o & B0 ° in Iﬁ':p W ®gf © 0
13 15 17 19 21 23 25 1.0 15

Mg#

Chapterd: Results

g0 oo
e of T B o
035
Ti02 (wt%)

0.45 0.55

DD

o o o
‘ngcg(;,o@ ) g %.m"gﬂ:‘ o0a

20 25 30 35 4.0
FM (wt%)

Figure25: Selected major oxides and derived parameters of the ob¢ke Saldanha Centre and tRestberg Centre in the

Saldanha Bay Volcanic Complex, plotted against h€ighhetersabove sea leel) - an alternative for stratigraphic position.
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-JI; &M isamiplesi ohlyg plattdd @s red circlaad the Postberg

4.3.4Rb-Sr & SmNd tracerisotopedor thePostbergCentre

Wholerock Sr and Ndracerisotope analysisT@ble5) was performed in Pidoace® clean

lab facilities The isotope ratios were measured with a Nu Instruments thermal ionization

mass spectrometer (NUIMS) at Departamento de Geologia, Centro ldeestigacion
Cientifica y de Educaciéon Superior de Ensenada (CICESE) in tteedft®8ap California

(Mexico). Full analytical details as well as QA/QC procedures can be found in the Chapter 3

(Analytical Methals) of thisthesis.
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A re-assessment of the geochronology and geochemistry Bb#iberg Ignimbrites, Saldanha, Western Cape,
South Africa

Table 5: Tracerisotope data, calculated at 538 Ma, for theks of the Postberg Ceai Jacobs Bay Ignimbritem the
Saldanha Bay Volcanic Complex

Sample | 87SrfSp Rb (ppm) Sr (ppm) 87Rb/86Sr (calc.) 87Sr£ES R U Nid| tom (Ga)
MM1 0.704132 225.67 89.38 7.474 0.761449 -7.60 1.430
MM2 0.697057 241.75 94.94 7.533 0.754826 -7.92 1.405
MM3 0.701667 227.84 102.06 6.603 0.752304 -7.73 1.409

Sample | “NdA*Ndo |  Sm (ppm) Nd (ppm) 147SmA4ANd (calc.) 143NdA4Nde | O Nid| teom (Ga)
MM1 0.511810 10.04 49.69 0.122 0.512240 -2.63 1.411
MM2 0.511806 10.21 52.03 0.119 0.512224 -2.71 1.417
MM3 0.511811 10.57 53.29 0.120 0.512234 -2.61 1.409

The analysed samples for the-BlChaverNdsss maValues of-7.60 (MM1),-7.92 (MM2) and
-7.73 (MM3) with calculated, two stage, depleted mantle mogigl)(bf 1.411 Ga, 1.417 &
1.409 Ga respectivelfTable5, Figure26 andFigure27). The*Nd/*/Nd; values show little
variation across the three MM samples~&5118. Thé’Srf5Sr values, however, vary
significantly 0.697057 0.704132, which is consistent with thearégnce of partial melting of
a heterogeneous source. TH8rfSr3s mavalues are significantly higher than tH&rfeSy;
of the PGJI samples with values of 0.76144RIM1), 0.754826 (MM2) ad 0.752304
(MM3).

-7.55
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-7.65 +

-1.7
A MM3

s bRpoyal

-7.75 A

-7.8

-7.85 -

-7.9 A
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Figure 26: Isotge-correlation plot for the analysed samples of the Postberg Gebdimbs Bay Ignimbrite, represented as

red triangles.
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Figure27: Nd isotopc growth diagram (twotage) for analysed Postberg Cent&aldanha Ignimbrite sangd, represented
as red triangles. Theoiv ca values for MM1 (1.411 Ga), MM2 (1.417 Ga) and MM3 (1.409 Ga).

4.3.51gnimbrites of the Saldanha Centre

Displayed below isa seletion of geochemical diagms fom the Saldanha Centre as a
contextual andcomparative datasdClemens and Stevens, 2016; Clemens et al., 2017)
Figure 28Figure 30 shows that the Saldankgnimbrite (Sl)andJacdos Bay Ignimbrite(Jl)

are geochemically distinct from one another. They occur mainly in the Saldanha Centre with
minor proportions in the Postberg Centre. The uppermost sectitims Saldanha Centre are
made upexclusively by the Jacobs Bay IgnimbriteseeFigure 25), while the Saldanha and
Jacobs Bay Ignimbrigeare adjacent to each other at stratigraphically lower gestiof the

Saldanha peninsu(&lemens and Stever2016)

The Saldanha and Jacobs Bay Ignimbrites show adimigaand roughly ling trends when
plotted on Harker diagran(&igure 28). Clemens et al. (2017) explain#éthtit may simply
be due to variation within geries derived frona singleparentmagma however,when
viewed on variatin diagrams with KO as he abscissathe differences beteen the two
become apparenthis rules out the simple differentiation of one series from the offigule
30). It is also important to note that tlsaldanha and Jacobs Begimbrites have virtudy

identical phenocrystic makeps. $nce they can only be distinguished geochemically, it is
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South Africa
sensible to assume that the compositional contrasts between the two must be due to the
variation in the composin of the liquid portion®f the magmaThe readeis referred to

Clemens and Stevens (2016a) and Clemens et al. (2017) for further details.
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Figure28: Harker plots of selected major oxides atetived parameterfr rocks of the Saldanha Cenirethe Saldant
Bay Volcanic Comg@x; (a) TiQ, (b) Al20s, (c) FM, (d) CaQ (e)K20 showing the fields for varioumagma series, (f) A
(mol. AlOs/ [CaO - 3.33 P20s + N&O + K20]). Saldanha Ignimbritéblue circles) and Jacobs Bay Ignimbrite (¢
squares). These plots are reproduced with permission from Clemens et al. (2017), and are only presented here fi
and comparative purposes.
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Figure29: A selection of Harkeplotsfor the rocks of the Saldanha Centre in the Saldanha Bay Volcanic Complex;

(b) Zr, (c) Ba and (dKREE (total rarezarth element content). Saldanha Ignimbrite is plotted as blue circles andabs

Bay Ignimbrite is plotted as pink squar@e® plots are reproduced with permission from Clemens et al. (2017), ¢

only presented here for contextual and comparative purposes.
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Figure30: Variety of chemical parameters for rocks of the Saldanha Centre in the f&aBlay\/olcanic Complex, plotte
against KO content; (a) Ti@ (b) FM (FeG + MnO + MgO), (c) Mg# (mol. 100 Mg/[Mg + Fe]), (d) V, (e) Sr, and (§
Note the mostly clear differences between the magmas that formed the Saldanha and Jacobs BaysI¢bimlides an
pink squares, respectivelyfhese plots are reproduced with permission from Clemens et al. (2017), and are only |
here for ontextual and comparative purposes.
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