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Supplemental Material S1

TI-IN-ZIRCON THERMOMETRY (ANALYTICAL TECHNIQUE AND ACTIVITY
CORRECTIONS)

Trace elements were determined by LA-ICP-MS (Agilent 7500ce quadrupole ICP-MS unit + ESI
NWR-193 laser ablation system) located at the NAWI Graz Geocenter - Central Lab Water, Minerals
and Rocks, University of Graz and Graz University of Technology, Austria. The spot size of the 193
nm wavelength laser was 35 um. The laser operated at 8 Hz pulse frequency corresponding to an
energy of ~5 mJ cm™. Ablated material was transported via a helium gas stream (0.75 1 min-1).
Standard reference glasses NIST SRM 610 and 612 was routinely analyzed for standardization and
drift correction (concentrations from Jochum et al., 2011).

Harvard zircon 91500 with a Ti content of 6 + 1 ppm (http://georem.mpch-
mainz.gwdg.de/sample_query pref.asp; Yuan et al., 2004; Wiedenbeck et al., 2004) and GZ7 zircon
(Nasdala et al., 2018) with a Ti content of 25.1 £ 0.2 ppm were analyzed as unknowns and could be
reproduced within given errors for Ti. Silicon (Si) was used as internal standard. Concentrations were
calculated from raw data with the Glitter data reduction software (Macquarie, Australia) using the
values for NIST610 and 612 from Jochum et al. (2011).

In addition, we make use of LA-ICP-MS zircon analyses done at Boise University (detailed analytical
protocol published in Schiller and Finger 2019).

The correction of Ti and Si activities is critical for Ti-in-zircon thermometry. Correction values can
be retrieved from whole rock chemistry through thermodynamic modelling using rMELTs (Gualda et
al. 2012). Schiller and Finger (2019) proposed that the net correction a(rio2y/asio2) is in the range of 0.5
for most granites, while Volante et al. (2019) reported that they have obtained a better match with Tz
values using an activity correction of 0.9. In this work we have calculated ari and as; values based on
rMELTS using the procedure described in Schiller and Finger (2019) (data are given in S2) and the
match with Tz values is satisfactory. We prefer the IMELTS approach relative to that in Volante et al.
(2019), because it provides an independent TIZT calculation decoupled from the Tz, calculation.

The TIZTmax values listed in Tab. 1 were extrapolated from the zircon crystallization temperature
distribution curve (Schiller and Finger 2019).

Tzr CALCULATIONS

We used the Tz calibration of Watson and Harrison (1983) because it appears to be most consistent
with melting experiments on granites (see discussion in Schiller and Finger 2019 and Clemens et al.
2021). Considering that granite samples rarely represent fully molten systems (Chappell et al. 1987,
Clemens and Stevens 2012) we have corrected the Tz, values assuming 85 % (by weight) melt fraction.
This is a reasonable general approach according to thermodynamic modelling (Schiller and Finger
2019).

MORPHOLOGICAL AND CL-BASED ZIRCON ANALYSIS AS AN IMPORTANT TOOL
FOR MULTI-ASPECTUAL ZIRCON THERMOMETRY

Not every zircon in a granitic rock precipitated from the melt phase. Especially “cold” granites (Miller
et al. 2003, Bea et al. 2021) may carry large amounts of inherited (entrained) zircon from the source
that did not dissolve in the magma (Clemens and Stevens 2012). Granites may occasionally also
contain large amounts of xenocrystic zircon derived from country rocks (Finger et al. 1991).
Differentiated granites may contain antecrystic zircon from the precursor magma that was not
fractionated out. Also, hybrid magmas may carry antecrystic zircon entrained from the mafic magma.



All these non-autocrystic zircons exert severe complications for zircon thermometry (Siegel et al
2019). Their abundance in a granite should always be semi-quantitatively estimated (Tab. 1).

Zircon mounts, as routinely prepared for LA-ICP-MS analysis, can be perfectly used to examine a
zircon population with reference to inherited, xenocrystic or antecrystic components. An important
prerequisite is that the mount contains a random selection of zircons that is representative for the
granite sample.

If the zircon grains are embedded in transparent resin, optical microscopy is a first useful step of
investigation. It allows a detailed morphological analysis of the zircon population (Poldervaart 1950,
Frasl 1963, Hoppe 1963, Pupin 1980). Zircons that precipitate from a cooling granitic melt (also
termed autocrystic, newly-formed or N-type in the literature - Finger et al. 1991), commonly display a
distinct, well-defined morphology in terms of crystal size, elongation and tracht. These morphological
features are determined by the physical and chemical magmatic crystallization conditions (Benisek
and Finger 1993) and systematically different in different granite types (Frasl 1963, Pupin 1980).
Morphological outliers are thus always candidates for xenocrysts or antecrysts (Finger et al. 1991). A
typical sign for zircon inheritance are zoned zircons with rounded resorbed cores (Corfu et al. 2003).
This feature is best observed in cathodoluminescence (CL) images.

CL imaging is today routinely done in the forefield of a LA-ICP-MS zircon study, with the aim to
place the analyses points precisely into crack- and inclusion-free, genetically coherent crystal domains.
Cathodoluminescence imaging and U-Pb dating are powerful methods to assess the rate of zircon
inheritance in a granite.

For Ti-in-zircon thermometry measurements in autocrystic zircon domains (normally with fine,
euhedral oscillatory zoning) are relevant. Zircon analyses with an anomalous trace element signal may
hint at potential xenocrysts or antecrysts and should be sorted out. Likewise, sector-zoned zircon
domains that indicate a chemical disequilibrium, and patchy recrystallization zones are to be avoided.

The above mentioned methods of investigation will mostly allow a good estimate to what extent a
granite carries autocrystic, inherited, xenocrystic and eventually antecrystic zircons (see the following
table). If autocrystic zircons make up less than 80 vol.% of all zircon, T estimates with the zircon
solubility model could be problematic (see sample JZ262). Our study confirms earlier findings (Miller
et al. 2003) that this problem will mainly concern LT and VLT granites.

Selected CL images

Some examples of inherited and xenocrystic zircon grains are shown here. The non-autocrystic origin
of these grains is evidenced by an increased U-Pb age.



Figure S1. a-b) Zircons from Weinsberg Granite Il with inherited cores.
c-e) Xenocrystic zircons with only thin autocrystic overgrowths (Freistadt granodiorite)
f) Zircon with inherited core from UHT granite sample HL 34 (LOG).

Table S1. Multi-aspectual zircon thermometry protocol including zircon morphology data

Sample Unit T-Class. Tz TIZT Zircon population analysis Under-
Av.-T TIZTmax | Inmh Xen Ant Typical Morphology of satur.
Autocrysts
Fill19 WBG I HT 862 817437 871 5 n.e. n.e. 1.80-220 E3-5; S19-20, S24-25 n.e.
JZ 262 ESGII MT (?) 807 (?) 781+39 831 50 10 n.e. 1.80-140 E2-4; L2, SI, S2 likely
Fi 84 08 ESG III MT-HT | 843 830437 877 5 5 n.e. L60-150 E2-3; S1, S2, S6 n.e.
Fil1318 WBG II MT 832 802426 845 5 n.e. n.e. L120-350 E2-4; S2, §3, S7, S8 n.e.
KJ 18 WBG II MT 850 789+35 831 10 n.e. n.e. L80-250 E2-6; S2, 83, §7, S8 n.e.
KV 829 WBG II MT 851 790435 838 10 n.e. n.e. L150-400 E2-5; S2, §3, S7, S8 n.e.
Fi 1585 WBG 111 HT 855 837+44 888 5 n.e. ne. 1.90-200 E1-3; S13-14, S19-20 n.e.
Fi 20 86 WBG III UHT 919 879431 929 5 n.e. n.e. L50-180 E2-5; S19-20, S24-25 n.e.
SD 24 17 WBG III HT 870 819434 867 5 n.e. n.e. L50-200 E1-5; S19-20, S24-25 n.e.
SD 3811 LOG UHT 948 887+49 937 5 n.e. n.e. L50-120 E2-4; S19-20, S24-25 n.e.
HL 14a LOG UHT 927 922432 966 5 n.e. n.e. 1.90-150 E2-4; S12-13, S17-18 n.e.
HL 34 LOG UHT 904 913433 940 5 n.e. n.e. 1.80-150 E1-3; S19-20, S24-25 n.e.
BB 3 LOG UHT 908 831457 902 5 n.e. n.e. 1L.80-170 E2-4; S20, S24, S25 n.e.
Fi92 81 LOG UHT 941 858+60 945 10 n.e. n.e. 1.50-280 E2-5; 86, S7, S11, S12 | ne.
ML 19 01 FRG LT 796 739429 787 n.e. 10 n.e. 1.80-180 E3-6; G1, L2-L5 n.e.

Abbreviations: n.e. = no evidence, L=Length (in um), E=Elongation (length/width).
Columns labelled Inh, Xen, Ant give the estimated proportions of inherited, xenocrystic and antecrystic zircons (in vol.% of all zircons).
Definition of forms (italics, e.g. S12) is according to Pupin (1980). See diagram below.
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SiO, vs Zr diagrams for the South Bohemian Batholith
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Diagrams from Whalen et al. (1987) showing a comparison between the South

Bohemian Batholith UHT granites and A-type grantites (Eby, 1990).
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