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Famous unconformity of the
Belingwe Greenstone Belt.

2.7 Ga metasediments of the
Manjeri Formation (right) overlie a
regolith in 3.5 Ga Shabani Gneiss

Low grade metamorphism only.
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North Limpopo Thrust
zone (north vergent) is
boundary between low
grade Zimbabwe Craton
and high grade
Northern Marginal Zone

Here seen in high grade
rocks and intruded by
2.65 Ga granitoid (some
are charnockitic)
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The boundary between the NMZ and the CZ is the 20 km wide Triangle
shear zone. It dips to the south and has a dextral displacement, which
occurred at upper amphibolite to granulite facies.

Shearing was reliably dated at 2.0 Ga by Ar-Ar on amphibole, and by Pb/Pb
on garnets
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Central Zone:
High grade metamorphism, ....
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.... Highly complex
structures such as sheath
folds (here the famous
bicycle wheel) ....
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Rotated orthopyroxene clasts are embedded in an ultramylonitic

matrix (feldspar, quartz and chlorite; sample 95/299 from the \W
Central Domain).

UNIVERSITY

From Schaller et al. 1999, Prec. Res. 96" 963-288
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orthoamphibole isograd (~ 2.65 Ga) almost coincides with thew
N’tabalala shear zone (~2.02 Ga)

- Ar-Ar Sample localities UNIVERSITY
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Southern Marginal Zone, granulite facies
(northern) part:

Abundant greenstone belt remnants at high

grade %}4
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In the southern part
(rehydrated zone):

Near horizontal ‘nappe’
structure, south-vergent.

Leucocratic (melt) bands
— lubrication for the
‘nappe’ dynamcis?
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Early geochronology (Hickman, van Breemen and
Dodson, 1970°‘s):

- Whole rock Rb-Sr ages around 2.6 Ga

- Rb-Sr mica ages around 2.0 Ga

1980‘s and early 90‘s (mainly driven by Jay Barton)

- Using dates on intrusions to constrain the age of the
orogenic event(s)

- Using Rb-Sr whole rock Rb-Sr muscovite, and U-Pb
zircon geochronology

The intrusive rocks (Matok in the SMZ, Bulai in the
CZ, etc.) all came out at ca. 2.6-2.7 Ga. '
UNIVSESITY




1992:

Publication of Precambrian Research Volume 55,
dedicated to the Limpopo Belt (driven by the RAU
Geology Department).

Concept of the Limpopo Belt as a late Archean
orogen, product of a collision between the
Zimbabwe and Kaapvaal Cratons, is presented and
elaborated.

and

2.0 Ga ages are explained as late uplift or later thermal event
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1992:

Publication of Precambrian Research Volume 55,
dedicated to the Limpopo Belt (driven by the RAU
Geology Department).

Concept of the Limpopo Belt as a late Archean
orogen, product of a collision between the
Zimbabwe and Kaapvaal Cratons, is presented and
elaborated.

and

2.0 Ga ages are explained as late uplift or later thermal event

But then the ages on high
temperature metamorphic minerals

started coming in ... %'%
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1981.: first garnet Sm-Nd
date ever, on a garnet from
the Triangle Shearzone:
close to 2 Ga (van Breemen
and Hawkesworth)

This young age was
confirmed by further Sm-Nd
and by Pb/Pb dating
(Kamber et al. Prec.
Res.1995)

2.0 Ga ages not just cooling, but

Documenting a high grade event at 2.0 Ga with tectonics
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Garnet and sillimanite from a metapelitic inclusion in
the Bulai granite give ages around 2.52 Ga, but...

UNIVERSITY

From Holzer et al., 1998. Prec. Res. 87?“8‘7?'}1%6
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.... garnet (and clinopyroxene) in high grade Mg-rich

metapelites in a large fold, the Campbell structure, only 5 km

away, gives 2.0 Ga. If this dates the high grade metamor _hi_sm,
NI/

then
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Koedoesrand Window.

Top: Thin section
showing the
granoblastic texture of a
granulite facies, titanite-
bearing calcsilicate
(sample 95/645) from
the Limpopo Central
Zone just N of the
Palala shear zone

Bottom: 207Pb/?%4Pb vs
206pp/204Ph isochron
diagram obtained by
step-leaching the
titanite.

From Schaller et al. 1999,
Prec. Res. 96: 263-288

20TP 204 Ph

160

120

- calesilicate 95/647

(| Isochron age: 2020 = 8 Ma
- i(MSWD: 0.07)

AN



0.53

- e, Grt <160
! 95/806 <o
" WRs + Grts + Sil + Bt
- Palala Outcro Grl
E 0.525 | P 250-160um
il i
= 052 F
Z I Grt
- i 300-250um
T 0515 F t = 1990 + 19 Ma
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i £ =-79
i Sil and Bt Nd,i
0.51 A T T R ST
0 0.5 1 1.5
14 TS I'['lll'rl d "N{]

Sm-Nd isochron diagram: Metapelite coexisting with calc
silicate just N of Melinda Fault: Central Zone section of

Koedoesrand (Abbotspoort) Window. %%
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From Chavagnac et al. 2001, Prec. Res. 112: 51-86




Garnet PbSL
age:

2602 + 20 Ma

(Schaller et al.
1997. SMPM
77:113-121)

Symplectites consisting of cordierite and orthopyroxene formed at the

expense of resorbed garnet in a metapelitic mylonite (sample 95/609) from I/
the Central Domain. The symplectite texture indicates pressure decrease aF{%

high temperatures.
UNIVERSITY

From Schaller et al. 1999, Prec. Res. 96" 963-288




Limpopo Central Zone
Q57260
e Northern Domai

e .
g Central Domain
end
. shear hands
Bushveld lgneous L& asymmetric sigma-clasts |
Complex — % (Y shape preferred onenmation (SPCH \I/
—— .
95,242 095/2317 === measured c-axis patterns

(237303000 sa137 sample described in Fig. 10

UNIVERSITY
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From Schaller et al. 1999, Prec. Res. 96" 963-288




Overview of geohronological data. Left, (mainly) rock formation; right, (mainly) metamorphism
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Leucocratic melt patches in the ~3.3 Ga
Sand River gneisses near Musina, I
Zone, give zircon dates ~2.0 Ga.

- IVERSITY
Is the ~2.0 Ga event just a stgifgi
reneating?




NO.

Outcrop in Sand River close to N1
bridge; melting in dynamic regime.
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Sample T73, a
single
syntectonic
metamorphism
at 2.02 Ga

357, /

40>

Sample RB1,
mix of 2.0 Ga
and older
structures, >1
metamor-phism
and poorly
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Kairo quarry

W side:

Calc silicates and shales,
intensely sheared, apparently
monometamorphic
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Kairo quarry
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Sample T73

- A single metamorphism (van
Reenen et al., 2004, J.Pet. 44,
1413-1439) and....

- a well defined

paleoproterozoic age (Boshoff \I/
et al., 2006, J. Geol., 114, {}’
699-716)

UNIVERSITY
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RB1 sample
locality

E side of structure: Singelele-type 2.65 Ga quartzofeldspathic gneisses \/
are re-folded and boudinaged; later shearing. {%
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Higher-pressure early P-T path,
followed by re-heating and
second cooling (assembled from
several samples in same area,
(Boshoff et al., 2006, J. Geol.,
114, 699-716) ....

... and an intermediate garnet
Pb-Pb age with a large error
and scatter of the data (ibid.)
In the samples with_théhotter
and higher P garnw%
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For those who do not believe ages on metamorphic minerals:

0.20

0.18 |

0.16 |

27pK/*®pp

0.12 |

0.10 . .
16 2.0 24 28 32 36

/% N t"’i >
2000 Ma age is also seen in many zircon overgrowths, produced by

metamorphism Example Opx-gedrite bearing granulite, Central Zone UNIVERSITY
(Mouri et al., JAES, 2008). JOHANNESBURG




Lorenz Holzer’s Paleoproterozoic
Transpression Orogeny Model

Based on the following points:

1. High grade metamorphism in the Central Zone
occurred at around 2.0 Ga

2. This high grade metamorphism marks an orogeny (far
to hot to be some vague thermal resetting)

3. For the purpose of thinking about this 2.0 Ga orogeny,
the Northern and Southern Marginal Zones are pars of
the Zimbabwe and Kaapvaal Cratons, respectively
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Metamorphic P- map of the Central Zone, compiled by Lorenz HiSIpwyEseURG
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This model is self consistent but:

- Does not consider the evidence for Neoarchean
tectonometamorphism

- Can it be superimposed on a Neoarchean continent collision
model?

We need to consider age data for the Southern Marginal Zone
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orthoamphibole isograd (~ 2.65 Ga) almost coincides Wit%'},
N’'tabalala shear zone (~2.02 Ga)

UNIVERSITY
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Published age data
in the Limpopo SMZ
Status 2014
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GIYANI

1 T
NORTH

Gravity profile across 1250
Giyani Belt, de Beer &

0 OBSERVED DATA |

Stettler, 1992. £ ™ - omnes
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70

.| Garnet Pb stepwise -
. leaching, metapelite
e 0|

207pp 204p 40 |

Sample HL 82
2710 + 20 Ma
MSWD =8

30 F

20 -
Grt[3]

Grt[1]
10 —

0 40 80 120 160 200 240
2061 204p

Compare from N edge of belt, Pb/Pb
stepleaching dates from Kreissig et al. (2001):

Garnet 2728 +#19 Ma
Staurolite 2712 +37 Ma
Kyanite 2683 9 Ma

Error limits mainly overlap.
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2710 £

20 Ma Ages of

metamorphism

2829 =+
12 Ma
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Matic granulite from the non-rehydrated zone
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Mafic granulite from the non-rehydrated zone
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Amphibolites from the rehydrated zone

t\'if
DR 168 DV 17QNIV§FRS|TY
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DR 168 in the horg%b%
Hnappeﬂ
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Amphibolite DR 168
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DV 170 in region of steep foliations
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Amphiboles in the non-
renydrated zone yield close to
peak metamorphic ages around
2700 Ma.

Amphiboles within the Zone of
Rehydration yield the same age
range as those previously
recorded in the Hout River
Shear Zone (~2.62-2.65 Ga).

There are amphibole ages
close to 2050 Ma in zones of K
metasomatism (mostly
associated with shear zones)
within the Southern Marginal
Zone.

UNIVERSITY
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Consider crust formation stories as
told by Nd and Hf isotopes.
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€ Notation is used in the diagrams in this talk, with
the time axis going from right to left (age from left

The € notation: to right).

Normalizing Nd or Hf isotope ratios to those of the Uniform Chondritic
Reservoir (CHUR)

Purpose: to reveal the fine structure of deviations (enrichment or
depletion history).

Eng = (*3Nd/H44Nd. .. /143N d/2A44Nd -y g — 1) X 104

Ens = (VOHFATTHAE, (/O HETTHf g — 1) X 104

Enriched <0

T

o Deoleted Depleted >0

= eplete

E; \,\\)?‘ 0

N C £ >
o —

L= © CHUR =0
g Enriched 2

= W

3

Z

)
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Examples of the diagrams and what they
tell us.

Top: Nd diagram. ¢ values measured in the
rocks today are plotted on the vertical axis on
the left.

Lines going up to the right from these points
show the evolution of € over geological time.

The evolution lines intersect the depleted mantle
(DM) evolution line at the T,, model age - about
3.5 Ga in the case of the Tokwe and Shabani
gneisses.

Hf (bottom) is highly concentrated in zircons and
can be measured in situ in dated zircons. The ¢
evolution prior to zircon crystallization (grey
band) intersects the DM line at Tpy,.

The 2.6 Ga Bulai Charnockite was derived by
remelting of crust that was originally formed from

the mantle at >3 Ga.
{';&
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Regional studies can reveal patterns of crust ages, relevant to tectonic maelelgiessure
Squares: Sm-Nd localities, triangles: Lu-Hf zircon localities




Hf-isotopes of Francistown area
agree with Nd-isotopes,
suggesting a magmatic arc

Comparison Nd isotopes of
Northern Marginal Zone with
Francistown arc indicates that
NMZ is the eastward continuation
of the same arc, or accretionary
margin — seen at deeper crustal
level. Grey rectangles A in both
localities: the zircon dates.

Zeh et al., 2009

Berger et al., 1995
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Analyzed metapelites from Central
Zone reveal derivation from crust
older than 3.0 Ga (such as Sand
River gneisses)

Harris et al., Combined comparison of Nd and Hf
éii?,fgnac isotopes of metapelites, Singelele and
etal., 2001 Pikwe complex gneisses show that

the latter two may be derived purely
by anatexis of the metapelites.

Zeh et al., 2007
Zeh et al., 2009



Zeh et al., 2007

Harris et al., 1986

Charnockitic Bulai Gneiss and
regina Gneiss (at Venetia) appear
purely crustally derived.

Enderbitic Bulai Gneiss and
Zanzibar Gneiss look like they have
a juvenile mantle derived
component ,pulling up® the Nd and
Hf isotope ratios in the graph,
relative to old crust alone.

Zeh et al., 2007



Kreissig et al., 2000

Zeh et al., 2009

The Northern Kaapvaal
Craton probably contains a
mid- to early Archean
nucleus, located near the
Giyani Greenstone Belt (T,
ages up to around 3.5 Ga,
even if no such old zircon
ages appear)

It also has units that look like
they were formed in
accretionary margins at 2.93-
2.78 Ga (see up and down
stippled black arrows m)



z ®
CHUR

Northern Kaapvaal Craton

-
-
E

td
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Z

Giyani Belt

Kreissig et al., 2000
Kreissig et al., 2000

&~  metapelites

./ gneisses

1 20 uncertainty

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Age (Ga)

The Southern Marginal Zone looks
very similar to the northern
Kaapvaal Craton in its Nd-isotopes.
It was NOT an accretionary margin
at the time of the high grade
metamorphism.

Also, the syntectonic Matok pluton
Zeh et al., 2009 was entirely derived by crustal
anatexis.



If the Northern Marginal Zone is an accretionary margin, and the
Southern Marginal Zone is not... Subduction should have been to

present North
Present NNW Present SSE

ZC NMZ CZ SMZ + KC?

N

ZC NMZ CZ SMZ + KC?

-



This would lead to a mismatch in time: Ages in the NMZ should be older
than peak metamorphism in the SMZ. Instead, they are younger.

Further, paleomagnetic and paleogeographical reconstructions of the
Kaapvaal and Pilbara Cratons point to another problem.
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Where to from here?

- The model of a Neoarchean continent collision between the
Zimbabwe and Kaapvaal Cratons is incompatible with new data.

- Ac. 2 Gatranspressive orogeny between the Zimbabwe and
Kaapvaal Cratons remains a possibility.

- This can be superimposed on a Neoarchean accretionary margin to
the north (the CZ and NMZ), and a passive craton margin to the
south, but they cannot have had a prior connection in any way.

- What caused the high grade metamorphism in the Southern Marginal
Zone remains a mystery.
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