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I. Scanning electron microscopy methods.

External BSE imaging of all three grains was done using scanning electron microscopy (SEM)
with a Hitachi S3400 W-filament SEM at the University of Wisconsin-Madison.

For grains 13DG08-24 and 14VD80-205, further SEM analysis was conducted using a Tescan
MIRAS field emission gun (FEG) SEM at the Microscopy and Microanalysis Facility at Curtin
University. The FEG-SEM was used for panchromatic cathodoluminescence (CL) imaging, and
electron backscatter diffraction (EBSD). Automated EBSD maps of regions of interest were
generated by indexing of electron backscatter diffraction patterns on user-defined grids, and were
collected for zircons 24 and 205. Whole-grain maps at 0.25 pum (grain 24) and 1.0 um (grain
205) step size were made. EBSD analyses were collected with a 20 kV accelerating voltage, 70°
sample tilt, 20.5 mm working distance, and 18 nA beam intensity. Electron backscatter patterns
were collected with a Nordlys Nano high resolution detector and Oxford Instruments Aztec
system using routine data acquisition and noise reduction settings (Table DR1; Reddy et al.,
2007).

For grain 07VvDO07-3, further SEM analysis was conducted using a Hitachi SU6600 FEG-SEM in
the Zircon and Accessory Phase Laboratory at Western University. Cathodoluminescence (CL)
images were collected with a Gatan Chroma CL detector operating at 10 kV. EBSD maps were
collected with an Oxford Instruments Nordlys EBSD detector using the methodology of Moser et
al. (2011). A full grain EBSD map using ~500 nm step size was made of grain 07VVDO07-3.

EBSD maps and pole figures for all three grains were processed using the Tango and Mambo
modules in the Oxford Instruments/HKL Channel 5 software package.

EBSD analysis conditions are shown in Table DR1.



I1. SHRIMP ion microprobe methods.

Zircons 13DG08-24 and 14VD80-05 were analyzed in Au-coated epoxy mounts in March, 2015
using the SHRIMP Il at the John de Laeter Center, Curtin University. The analytical procedures
for the Curtin consortium SHRIMP |1 have been described by De Laeter and Kennedy (1998),
and Kennedy and De Laeter (1994) and are similar to those described by Nelson (1997) and
Williams (1998). A 20 um diameter spot was used, with a mass-filtered O, -primary beam of
1.7-2.1 nA on those zircons. A complete analysis consisted of six cycles of measurements at each
mass [*°(Zr,0), 2*Pb, 24%*5ph(bkg), 2°°Pb, “*’Pb, 2%®pb, 28U, 2*3(ThO), and ?*(U0)]. Zircon
U/Pb concentration standards used were M257 [U] = 840 ppm (Nasdala et al, 2008), and R33,
238/2%ph age = 419 Ma (Black et al., 2004). The °’Pb/*®Pb standard used to monitor
instrument induced mass fractionation was OGC zircon (3467+/-3 Ma; Stern et al. 2009). The
207pp/2%pp dates obtained on OGC zircons during the SHRIMP session matched the 2°’Pb/*°Pb
standard age within uncertainty and no fractionated correction was warranted. Standard results
for the two analytical runs were (Pb/U calibration error in 16%): 0.31% for 13DG08-24, and
0.26% for 14\VVD80-205.

Zircon 07VDO06-3 was analyzed in an Au-coated epoxy mount in October 2010, using the
SHRIMP-RG (reverse geometry) ion microprobe co-operated by U.S. Geological Survey and
Stanford University in the SUMAC facility at Stanford University. Zircon 07VVD07-3 was cast in
epoxy, ground and polished to a 1-micron finish on a 25 mm diameter by 4 mm thick disc. The
mount was washed with a 1N HCI solution and thoroughly rinsed in distilled water, dried in a
vacuum oven, and coated with Au. Mounts are typically outgassed in a loading chamber at low
pressure (107" torr) for several hours before being moved into the source chamber of the
SHRIMP-RG. Secondary ions were generated from the target spot with an O, primary ion beam
varying from 4-6 nA. The primary ion beam produces a spot with diameter of 20 microns and a
depth of 1-2 microns for an analysis time of 9-12 minutes. The full set of analyzed peaks begins
with a high mass normalizing species (*°Zr,*°0"), followed by ?**Pb*, a background measured at
0.050 mass units above ?**Ph*, ?°°Pb*, 2'ph*, 2%pp* 28y, 22 Th!*0* and *®U™0" and #2Th*
and 2°U0,. A complete analysis consisted of five cycles of measurements at each mass
Measurements are made at mass resolutions of M/AM = 7500-8500 (10% peak height), which
eliminates all interfering molecular species. The instrumental design provides very clean
backgrounds and combined with the high mass resolution, the HCI washing of the mount, and
rastering the primary beam for 90-180 seconds over the area to be analyzed before data are
collected, assures that any counts found at mass of ***Pb* are actually from Pb in the zircon and
not surface contamination. Concentration data for U and Th were standardized against zircon
standard MAD-green (4196 ppm U) (Mazdab and Wooden, 2006). Age data were standardized
against zircon R33, whose age is 419 Ma (Black et al., 2004), which were analyzed repeatedly
throughout the analytical session. The external spot-to-spot uncertainty for R33 was 1.93%.

Data reduction for geochronology followed the methods described by Williams (1998) and
Ireland and Williams (2003), and used the MS Excel add-in Squid 1, Squid 2, and Isoplot
programs of Ludwig (2001a,2001b, 2003, 2009).

SHRIMP Results are shown in Table DR2.
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I11. Additional images of zircon 13DG08-24.

A: BSE image showing planar fractures visible on the exterior surface.
B: Cathodoluminescence image of the polished surface, showing fractures and complicated

zonation. Scale bar = 50 pm.




1VV. Additional EBSD information for zircon 13DG08-24.

A: Map showing crystallographic orientation for zircon 24 (with an inverse pole figure color
scheme). Four sets of microtwins (t) are labeled (t1-t4).

B: Pole figures of all data from zircon 24. C: Pole figures for the host zircon. D: Pole figures for
the microtwins, labeled t1-t4 (labels omitted in {112} for clarity). Stereonets are equal area,
lower hemisphere projections.
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V. Misorientation axis plots for zircons 24, 3, and 205.
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V1. Internal misorientation of neoblasts in zircon 07VD07-3.

The map below was constructed from EBSD data, and is color coded to illustrate mean internal
misorientation within individual neoblasts as well as the host zircon. The host zircon is treated as
a single domain (excluding the microtwins), and shows maximum internal misorientation of 8°
(red). The mean internal misorientation for individual neoblasts is <2° (blue to bluish green).
One neoblast (down and to the right of center, slightly more yellow) preserves a mean internal

misorientation of ~4°. The histogram below the EBSD map shows the correlation of mean
internal misorientation to color.
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VII1. Additional sample location information.

Sample 14VvD80 was collected from beach sand on the Atlantic coast of South Africa at the
mouth of the Orange River (Montalvo, 2015). GPS coordinates: S28° 38.254°, E16° 27.696.

Sample 13DG08 was separated from a sample of glacial tillite exposed in the collar of the
Vredefort Dome (Pincus, 2015). GPS coordinates: S26° 52.729°, E27° 14.947.

Sample 07VvDQ7 was collected in modern alluvium from the Rietspruit, a small stream draining
the core of the Vredefort Dome impact structure. GPS coordinates for this grain are given in
Cavosie et al. (2010).
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Table DR1. EBSD analysis conditions.

SEM Model (Curtin University)

Tescan Mira3 FEG-SEM

Grain Zircon 24 Zircon 205
Shown in figure 2A, DR 3G,4C 4D, DR
Acquisition speed (Hz) 40 40
Background (frames) 64 64
Binning 4x4 4x4
Gain High High
Hough resolution 60 60
Band detection min/max 18/165 22/148
Average mean angular deviation (zircon) 0.45 0.35

X steps 554 563

Y steps 378 236
Step distance (nm) 250 1000
Noise reduction — ‘wildspike’ Yes Yes

n neighbour zero solution extrapolation 0 0
Kuwahara Filter No No

Tescan Mira3 FEG-SEM settings

EBSD system

Nordlys Detector - Aztec

Carbon coat (<5nm)
Acc. voltage (kV)
Working distance (mm)
Tilt (degrees)

Yes Yes
20 20
20.5 20.5
70 70

SEM Model (Western University)

Hitachi SU6600

Grain Zircon 3
Shown in figure 3C,4A,4B, DR
Acquisition speed (Hz) 19
Background (frames) 65
Binning 4x4
Gain High
Hough resolution 60
Band detection min/max 5/7
Average mean angular deviation (zircon) 0.38
X steps 904
Y steps 676
Step distance (nm) 500
Noise reduction — ‘wildspike’ No

n neighbour zero solution extrapolation No
Kuwahara Filter No

Hitachi SU FEG-SEM settings

EBSD system

Nordlys Detector

Carbon coat (<5nm)
Acc. voltage (kV)
Working distance (mm)
Tilt (degrees)

Yes
20
19
70




Table DR2. Zircon U-Th-Pb isotopic data.

micro- U  Th % comm' ***Pb/ 200pp# /28y 207ppx2%ppk oy
structure CL zoning' (ppm) (ppm) Th/U  **°Pb 2pp  20ppw2iy WppwBSy  200pp 2y 27pp*2phx  Age (Ma)®  Age (Ma)®  disc'
spot Grain 07VDO07-3
1 PM.t'" oscillatory 125 133 1.10  0.11  0.00009 0.1419+0.0035 15.07+0.41 0.5259+0.0095 0.20787+0.00427 2724+40  2889+34 6
3 PM,t oscillatory 82 67 0.84  0.06  0.00004 0.1407+0.0064 13.92+0.41 0.5111+0.0102 0.19754+0.00398 2661+48  2806+32 5
6 PM,t oscillatory 126 133 1.09  0.05  0.00004 0.1409+0.0032 15.28+0.32 0.5215+0.0094 0.21259+0.00252 2705+38 2925420 8
2 neoblast  bright 44 42 099 024  0.00016 0.1024+0.0048 6.13+0.27 0.3626+0.0109 0.12255+0.00398 199552 1994458 0
4 neoblast  bright 46 43 097  0.62  0.00041 0.0970£0.0069 5.77+0.30  0.3500£0.0105 0.11957+0.00493 193550 1950474 1
5 neoblast  bright 37 24 067 057  0.00037 0.0980+0.0072 6.02+0.33  0.3612+0.0116 0.12084+0.00526 198856 1968+78 -1
spot Grain 13DG08-24
1 PM,t disturbed 368 277 0.75 481  0.00266 0.0295+0.0025 2.62+0.15 0.1050+0.0051 0.18123+0.00542  644+30 2664+50 79
2 PM,t disturbed 515 317 0.62  3.70  0.00204 0.0422+0.0065 3.14+£0.42 0.1086+0.0137 0.20967+0.00906  665+80 2903+70 81
3 PM,t disturbed 472 222 047  6.61  0.00366 0.0165+0.0030 1.42+0.09 0.0581+0.0015 0.17773+0.01112  364+10  2632+104 88
4  PM,t disturbed 1063 502 0.47  9.02  0.00499 0.0095+0.0021 0.81£0.10 0.0312+0.0033 0.18733+0.01348  198+20  2719+118 94
spot Grain 14VD80-205.
1 core oscillatory 165 109 0.66  0.07  0.00004 0.0943+0.0034 5.17+0.16 0.3387+0.0092 0.11077+0.00178  1880+44 1812428 -4
2 rim dark 774 15 0.02  -0.04  -0.00003 0.0610+£0.0083 1.74+0.05 0.1727+0.0044 0.07339+0.00084  1027+24 1025424 0

1 . . . . . .
PM = planar microstructure; t = microtwin; CL = cathodoluminescence; comm = common; disc = discordance.

2 Age in Ma. Uncertainty in ages and isotope ratios is listed at 2c.

. 204
* indicates a

Pb corrected Pb value.
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