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Abstract The tonalite—trondhjemite—granodiorite suites (TTGs) are key components of the Archean
continental crust and therefore crucial to the understanding of the evolution of the early Earth. Here, we
present in situ zircon Si—O isotope data of TTGs from Barberton. Results show that the 3.45-3.42 Ga (Group
1) and 3.24-3.23 Ga TTGs (Group 2) have elevated 5°°Si_,;,

3.23-3.22 Ga TTGs (Group 3) have coupled elevated §°°Si, ,, and 8'80,, values relative to mantle-derived
rocks. We suggest that the Group 1 and 2 TTGs had a silicified source that was affected by low-8'%0 fluid
released from the komatiitic rocks. The low-8'80 fluid decreased the 8'%0,,, values of Group 1 and 2 TTGs but
had negligible influence on their §3°Si

values but mantle-like §'30, , values, whereas the

mere Values. The Group 3 TTGs were generated solely from the silicified

source, as the low-8'%0 fluid had become exhausted at that time.

Plain Language Summary The Archean granitic continents are dominated by tonalite—
trondhjemite—granodiorite suites (TTGs) that are generated from the partial melting of hydrous basaltic rocks.
The genesis of TTGs is controversial, as the source of water is unclear. Si and O isotopes are effective indicators
of the water source and should be covariant. However, in this study, we discovered both decoupled enriched

Si but mantle-like O isotopic compositions, and coupled enriched Si—O isotopic compositions of TTGs from
the Barberton region. We suggest that the decoupled Si—O isotope compositions resulted from the involvement
of both supracrustal silicified materials and fluid released from komatiitic rocks, and that the coupled Si—O
isotopic compositions were produced by the silicified materials only. The results indicate that TTGs have more
variable sources than previously thought.

1. Introduction

Archean Earth has unique crustal rock associations composed of supracrustal greenstone rocks and sodic granite
domes dominated by tonalite, trondhjemite, and granodiorite suites (TTGs) (Moyen & Martin, 2012). Given their
dominant occurrence in present Archean continental crust, TTGs have been widely investigated to understand
the geodynamic process of early Earth. In addition, as the products of crystallization from Si-saturated magma,
TTGs contain abundant zircon, which is highly resistant to secondary alteration and preserves a reliable record
of isotope compositions and U-Pb isotope chronology (e.g., Valley et al., 2005). Although there is a general
consensus that TTGs were formed by the partial melting of hydrous basaltic protoliths (e.g., Johnson et al., 2017;
Moyen & Martin, 2012), the water source and genesis of TTGs remain uncertain.

Oxygen (O) isotope is a sensitive tracer of water sources (e.g., Eiler, 2001; Trail et al., 2018; Valley et al., 2005),
as the positive and negative shrifts of 8'%0 values in TTGs relative to mantle values indicate the contribution
of supracrustal materials that underwent surface water-rock interactions at variable temperatures (e.g., Johnson
et al., 2022; Reimink et al., 2014; Smithies et al., 2021; Valley et al., 2005; Wang, Yang, et al., 2022; Wang, Tang,
et al., 2022). Archean TTGs are characterized by enrichment in heavy Si isotopes (André et al., 2019, 2022;
Deng et al., 2019; Guitreau et al., 2022; Zhang et al., 2023), possibly inherited from the precipitation of
Archean Si-saturated seawater (André et al., 2019, 2022; Deng et al., 2019; Trail et al., 2018). A paradox is that
although silicification is theoretically accompanied by the fractionation of O isotopes, not all Archean TTGs
display O isotope compositions that differ from the mantle composition (e.g., Smithies et al., 2021; Wang, Tang,
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et al., 2022). Therefore, it is necessary to integrate the Si and O isotopic systematics of TTGs to explore whether
they are coupled or not.

In this study, we conducted in situ zircon Si and O isotope analyses of ca. 3.4-3.2 Ga TTGs from the Barberton
granitoid—greenstone terrane in the Kaapvaal Craton. Our work reveals a shift from decoupled to coupled Si—O
isotopic systematics for these TTGs, indicating varied sources comprising a silicified source and fluid released
from komatiitic rocks.

2. Geologic Setting and Samples

The Kaapvaal Craton located in southeastern Africa is one of the best-preserved Archean crustal segments world-
wide and has a geological record extending back to ca. 3.6 Ga (Kroner & Hofmann, 2019). The Barberton
granitoid—greenstone terrane in northeastern Kaapvaal Craton is a typical ancient continental nucleus (Figure S1
in Supporting Information S1). The granitoid rocks in this terrane consist mainly of TTG domes dominated by
rock associations of sodic trondhjemite and tonalite, with three stages of TTG formation at ca. 3.5, 3.4, and 3.2 Ga
(Moyen et al., 2007). Since ca. 3.1 Ga, the granitoid rocks have been transformed into potassic granites (Moyen
et al., 2007). The greenstone belts surrounding the granitoid domes include volcanic, sedimentary, and some
intrusive rocks with ages ranging from ca. 3.5 to ca. 3.2 Ga and are traditionally divided into three main litho-
stratigraphic units: the Onverwacht, Fig Tree, and Moodies groups (from base to top; Figure S1 in Supporting
Information S1; Lowe & Byerly, 2007; Kroner & Hofmann, 2019). In this study, 10 representative TTG samples
previously dated into age groups of 3.46-3.42, 3.26-3.23, and 3.23-3.22 Ga (Wang et al., 2019, 2020; Wang,
Tang, et al., 2022) were selected for geochemical and isotopic analyses (Figure S1 in Supporting Information S1).
These samples consist predominantly of various proportions of plagioclase, quartz, biotite, and minor K-feldspar
with accessory minerals including Fe—Ti oxides, titanite, zircon, epidote, and chlorite (Wang et al., 2020). Zircon
U-Pb ages, and some of the major- and trace-element compositions and zircon O isotopes presented here have
been reported previously by Wang et al. (2019, 2020) and Wang, Tang, et al. (2022).

3. Methods

Major- and trace-element contents of two samples (14SA14 and 16SA13) were measured using an AXIOS Minerals
X-ray fluorescence spectrometer and an Agilent 7500a quadrupole inductively coupled plasma—mass spectrometer,
respectively, at the Institute of Geology and Geophysics, Chinese Academy of Sciences (IGG-CAS) in Beijing.
In order to identify the most concordant (<5% discordant) zircon grains from the samples 14SA14, 15SA10, and
16SA13 that were previously dated by Wang et al. (2019, 2020), SIMS zircon U-Pb dating was conducted again
for these three samples in this study using a CAMECA IMS-1280HR SIMS (Secondary Ion Mass Spectrometry)
at the IGG-CAS in Beijing, following a similar procedure described by Li et al. (2009). Zircon Si isotopes were
measured using a CAMECA IMS-1280 SIMS at the IGG-CAS in Beijing, following the methods described by
Liu et al. (2019). Zircon O isotopes were measured using a CAMECA IMS-1280 SIMS also at the IGG-CAS, and
a CAMECA IMS-1280HR SIMS at the Beijing Research Institute of Uranium Geology, following the methods
described by Li et al. (2010). Detailed descriptions of the methods can be found in Supporting Information S1
(Guitreau et al., 2020; Li et al., 2009, 2010, 2013; Liu et al., 2019, 2022; Vermeesch, 2018; Wiedenbeck et al., 2004).

4. Results

The analytical data of this study and further supporting information are provided in Figures S2—-S3 in Supporting
Information S1 and Tables S1-S5 in Supporting Information S1 (Lei et al., 2023).

The TTG samples can be divided into three groups on the basis of Si—O isotope characteristics and crystalli-
zation ages (Figure 1). Most zircon grains from the Group 1 TTGs (3.44-3.42 Ga) have 5'%0,, values rang-
ing from 4.53%o0 + 0.25%0 (2SE) to 5.97%¢ + 0.18%0 (2SE) which are broadly similar to the mantle-derived
8180, values (5.3%o + 0.6%o0, 2SD, Valley, 2003), except for one grain with a §'30,, value of 6.25%0 + 0.22%o
(2SE) (Figure 1a). These zircons have 8°°Si, values between —0.41%o + 0.10%o¢ (2SE) and —0.10%o = 0.10%o
(2SE) (Figure 1b). The Group 2 TTGs (3.24-3.23 Ga) also have mantle-derived 8'%0,,, values ranging from
4.51%o + 0.20%0 (2SE) to 5.82%o + 0.22%o (2SE), except for two grains with §'30, . values of 6.14%o + 0.15%o
(2SE) and 3.94 + 0.18%0 (2SE) (Figure la). Their §%Si, values range from —0.46%0 + 0.11%0 (2SE) to

—0.18%¢ + 0.10%0 (2SE) (Figure 1b). The Group 3 TTGs (3.23-3.22 Ga) have 8'30,,, values ranging from
5.77%o + 0.18%0 (2SE) to 7.07%0¢ + 0.12%¢ (2SE), which are overall higher than the mantle-derived values to
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Figure 1. Si and O isotope compositions of the studied Barberton TTGs. (a and b) Zircon §'0 and 3°Si values versus zircon Pb-Pb ages. The gray field in each
diagram represents the range of mantle zircon values (8'%0,,, = 5.3%o¢ + 0.6%o; Valley, 2003; §3°Si = —0.38%o + 0.04%o; Trail et al., 2018). Some 8'30 data of the
studied TTGs and other Barberton TTGs (gray triangles) are from Wang, Tang, et al. (2022). (c) Comparison of fractionation factors calibrated by first-principles

calculations (Qin et al., 2016), experiments (Trail et al., 2019), and natural observations (Guitreau et al., 2022). A*Si
with the minimum A (slop factor) values. (d) The §°°Si

(melt_zre) Values were calculated by first principles
values of TTGs plot against their SiO, contents. The presented 5°°Si_, values were calculated by

melt melt

first principles (Qin et al., 2016). The gray field represents the “igneous array” of Savage et al. (2011) with two standard errors. Gray triangles represent data for
3.51-3.23 Ga Barberton TTGs from André et al. (2019).

varying degrees (Figure 1a). Their §*°Si__ values range from —0.39%o + 0.10%o to —0.18 %o + 0.07%o (Figure 1b),

similar to those of the groups 1 and 2 TTGs.

zrc

5. Discussion
5.1. Silicified Source of Barberton TTGs

Both the 3.45-3.42 Ga and 3.24-3.23 Ga TTGs have 8'®0, values mostly in the range of mantle-derived zircon,
whereas the 3.23-3.22 Ga TTGs have elevated zircon $'%0,
might indicate the involvement of supracrustal materials that underwent low-temperature water—rock interaction in
the sources of the TTGs since ca. 3.2 Ga (Wang, Tang, et al., 2022). It is noted, however, that the 63081ZrC values of
the studied Barberton TTGs show no apparent shift at this age (Figure 1b). The Barberton TTGs have consistently
high &%°Si,_ values relative to mantle-derived zircons (Figure 1b), but it is uncertain whether their sources contained
silicified materials, as the Si isotope fractionation between zircon and melt (o, ,..) differs between different granite
types (Guitreau et al., 2022; Trail et al., 2019). Therefore, it is necessary to calculate the melt 8%Si values of the
TTGs, which can be compared with the “igneous array” defined by an evolved trend of whole-rock *Si values of
most Phanerozoic mantle-derived igneous rocks with different SiO, contents (Savage et al., 2011).

values (Figure 1a). Such a positive shift of $!%0,  values

Values of o, .. are sensitive to crystallization temperature and melt silica content, and are typically described
as follows:
10001 - Ax10° 1)
N Amelt—zre = T
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where A is a constant that is positive correlated with the SiO, contents of melt, and T is temperature in K.
Values of A were calibrated from various methods, including first-principles calculations (Qin et al., 2016),
experiments (Trail et al., 2019), and natural observations (Guitreau et al., 2022). Values of A and corresponding
ADOSH e
values is constrained by first-principles calculations for our samples (Qin et al., 2016), with A values ranging
from 0.34 to 0.35 at SiO, = 66 and 73 wt.%, respectively (Figure lc; Table S5 in Supporting Information S1).
The corresponding A*Si ., and 8%Si_, values are calculated using the mean 83Si,, values and zircon
saturation temperatures (Boehnke et al., 2013), which range from 0.35 to 0.39%. (Figure 1c), and 0.00-0.21%o
(Figure 1d), respectively. Such A®Si, ., ~and 8*°Si_, values are slightly lower than those of natural observa-
tions by ~0.03-0.05 %o (e.g., Guitreau et al., 2022; Trail et al., 2018; Table S5 in Supporting Information S1).
Importantly, even the minimum estimation of §3°Si

calculated by different methods are compared in Figure 1c, which shows that the lower limit of A

ere Values calculated from first principles is higher than §%Si

values of “igneous array” rocks (Figure 1d), indicating the enrichment of heavy Si isotopes in Barberton TTGs.
The heavy Si isotope compositions of Barberton TTGs may be a result of the fractional crystallization or the
involvement of silicified materials in the source. The crystallization temperature of zircons depends on the alumi-
num saturation index (ASI) (Boehnke et al., 2013; Watson & Harrison, 1983). In short, the decrease in ASI will
cause zircon to crystallize at lower temperatures and further result in high §3°Si_,, values. However, there is no
correlation between values of A/CNK [molar Al,0,/(Na,O + CaO + K,0)] and SiO, values of Barberton TTGs
(Figure S4a in Supporting Information S1), indicating that there is no significant fractionation of minerals with
various ASI values. In contrast to most Phanerozoic igneous rocks, Archean TTG could have been derived from the
differentiation of hydrous basaltic magma under water-saturated conditions (e.g., Kleinhanns et al., 2003; Liou &
Guo, 2019; Miintener et al., 2001), in which garnet incorporated with light Si isotopes (Méheut & Schauble, 2014;
Yuetal., 2018) became part of the cumulate residue. In this scenario, 8%Si_,, values would increase, accompanied
by the strong fractionation of light rare earth elements (e.g., La) relative to heavy rare earth elements (e.g., Yb).
However, no correlation of Lay/Yby ratios and 8%Si_, values is observed for the Barberton TTGs (Figure S4b
in Supporting Information S1), demonstrating that the elevated 8%Si_,
crystallization of hydrous basaltic magma (e.g., André et al., 2019). The occurrence of magmatic differentiation
(e.g., the fractional crystallization of biotite), as revealed by Harker diagrams that show good correlations for some
major elements (particularly TiO,, Al,O;, Fe,0,, MgO, and P,0;) with SiO, contents (Figure S5 in Supporting
Information S1), would cause the evolved melts with SiO, contents from 66 to 73 wt.% to exhibit higher 8%Si_,
values by ~0.05%o (Savage et al., 2011). However, such limited change generally is negligible compared to other
factors and is not easy to be detected. Therefore, the Barberton TTGs have similar §3°Si_, values regardless of
their SiO, contents (Figure 1d). Integrating the above evidence, we propose that the elevated §3°Si_,, values of the
Barberton TTGs were not produced by fractional crystallization but instead reflect their silicified source.

values did not result from the fractional

5.2. Coupled Si-O Isotope Systematics of the Barberton TTGs

The covariation of Si and O isotopes during fluid alteration and precipitation processes have been investigated previ-
ously (e.g., Chowdhury et al., 2023; Deng et al., 2019; Trail et al., 2018; Yu et al., 2018, 2023), which have proposed
three evolution paths of the coupled Si-O isotopic variations. First, pelitic sediments have relatively low 83°Si but
high 8'30 values, indicating desilicification by chemical weathering (Trail et al., 2018). Second, the §%Si values
of altered rocks that underwent hydration without silicification (e.g., serpentinization) are dominated by igneous
minerals, whereas 8'30 values vary with the alteration temperature (Abraham et al., 2011; Savage et al., 2013; Yu
etal., 2018, 2023). Third, the seawater-derived authigenic silicification (e.g., chert) and seafloor silicification (e.g.,
silicified basalt) at low temperatures result in the enrichment of both heavy Si and heavy O isotopes (Abraham
et al., 2011; Trail et al., 2018). Archean seawater was Si-saturated on account of high-temperature hydrothermal
Si inputs (André et al., 2022; Robert & Chaussidon, 2006) and a lack of large-scale biosilification outputs (André
et al., 2019, 2022; Deng et al., 2019). Moreover, Archean seawater was enriched in 3°Si, as demonstrated by the
high §%Si values of silicified seafloor since ca. 3.8 Ga (André et al., 2006; Figures 2a and 2b). Therefore, we
propose that the coupled elevated 8°Si and §'%0 values of Group 3 (3.23-3.22 Ga) TTGs resulted from the partial
melting of seafloor basalts with the addition of silicified materials (e.g., André et al., 2019; Deng et al., 2019).

5.3. Decoupled Si—O Isotope Systematics of the Barberton TTGs

The decoupled Si—O isotope systematics (i.e., the elevated 5*°Si values but mantle-like 880, values) of Group
1 (3.45-3.42 Ga) and Group 2 (3.24-3.23 Ga) TTGs have not been documented in previous studies. Silicified

LEIET AL.

4 0f9

8518017 SUOWWOD AIE8.D 3|qedljdde ays Aq peusenob e sajoie VO ‘88N JO SaInJ 10} AXeiqIT 8UIIUO AB|IV UO (SUORIPUCD-pUB-SUBIALID" A3 1M ARIq 1 U1 |UO//SdNY) SUORIPUOD pue W 1 8 88S *[7202/2T/v2] uo Areiqiauluo Aim Aiseniun BulfueN Aq Zoor0T 1DEZ02/620T 0T/I0p/w0d A8 |im" Azeiqjeuluo'sgndnbe;/sdny wo.j papeojumoq ‘9T ‘€202 ‘L0087Y6T



A7oN |
MN\\JI
ADVANCING EARTH
AND SPACE SCIENCES

Geophysical Research Letters 10.1029/2023GL104002

a % chert =+ T 0ad b O 3.44-3.42 Ga TTGs
silicified Si-staturated 25D < 3.24-3.23 Ga TTGs
basalt o O 3.23-3.22 Ga TTGs

N

unsilicified 0.1 -| high-T silicification ? & o

+ 1&2
basalt d ayer 1 &

o T il i
& OIow T silicification

hal

piny Buipusosap

e Si-depleted

komatiite

581, (%)
o

o1

-0.1

+ayer4 &5 &6 mantle-derived +layer 3
komatiite Y high-T hydration melts/zircons low-T hydration

@

- -0.3 T T T T
greenstones profile 3 4 5 6 7 8

50, (%)

Figure 2. Covariant 8%Si_, and 8'%0,,, values of TTGs and greenstone rocks. (a) Simplified typical profile of greenstones
melt and

(modified from Abraham et al., 2011; André et al., 2022; Lowe & Byerly, 2007). (b) Covariant diagram of §°Si
8'80,,, (modified from Trail et al., 2018). Mean 5'%0,, and calculated 8%°Si , values for each sample are presented. The
8%Si, ., values of mantle-derived melts were calculated as follows: 83°Si (%0) = 0.0056 X SiO, (wt. %) — 0.567, with an
uncertainty of +0.05%o (Savage et al., 2011). SiO, contents were set from 66 to 73 wt.% to encompass the compositions of
studied TTGs.

seafloor that has been altered at low-temperature should have heavy O isotopic compositions (80 > 10 %o,
Abraham et al., 2011). Thus, to generate the mantle-like 880, values measured for the 3.45-3.42 Ga and
3.24-3.23 Ga TTGs, an additional end-member with low 8'30 values is required. Low-8'80 magmatic rocks
are commonly associated with rifts, oceanic ridges, plume-related volcanisms, and impact craters (e.g., Johnson
et al., 2022; Pope et al., 2013; Troch et al., 2020), in which meteoric water or seawater interacts with rocks at
temperatures of >350°C (e.g., Valley, 2003). Low-8'80 materials can contribute to the formation of TTGs in
various ways, including the assimilation of low-5'80 materials at shallow crustal levels, such as at Iceland or
Yellowstone (e.g., Hammerli et al., 2018; Reimink et al., 2014), and the addition of low-8'30 materials in melting
sources (e.g., Vho et al., 2020). However, the former process during magma emplacement is less likely to have
occurred in the present case because the zircons of this study show single-stage magmatic growth (Figure S2 in
Supporting Information S1) and commonly have a limited 8'30,,, range for each sample (Figure 1a). Therefore,
the relatively low-8'30 signatures of some TTGs are likely to have been inherited from their sources.

Rocks in greenstone belts are generally considered the melting source of TTGs (e.g., Smithies et al., 2021). The
Barberton greenstone belts can be roughly divided into several layers from top to bottom: chert, silicified basalt,
unsilicified basalt, basaltic komatiite, and komatiite (Figure 2a; e.g., Abraham et al., 2011; Lowe & Byerly, 2007).
As discussed above, the chert and silicified basalt have coupled heavy Si and O isotope compositions, and are
likely to have been involved in the generating of Group 3 TTGs (Figure 2b). The upper part of unsilicified basalts
has elevated §'80 but mantle-like 5%°Si values (Abraham et al., 2011). This Si—O isotope composition is crucial,
as it indicates that the descending fluid in this layer was depleted in Si (Abraham et al., 2011). Light Si isotopes
are preferentially incorporated into precipitated minerals in water bodies (Frings et al., 2016; van den Boorn
et al., 2007, 2010). Although the downward increase in temperature would have led to a decrease in the Si isotope
fractionation factor between water and silica (Méheut et al., 2007, 2009), residual solutions and successive precip-
itates would still have had relatively high 83°Si values during progressive precipitation (Abraham et al., 2011).
This expectation contradicts the mantle-like 5°°Si values of unsilicified basalts, illustrating that precipitation had
terminated despite the high 83°Si values of fluids. In contrast, the O isotopes of the deep layer were still under-
going temperature-dependent fractionation, as the fluid had high hydroxyl contents and thus high O/Si ratios. A
similar process to that inferred for the profile of Barberton greenstone belts occurs in the modern oceanic crust.
Although modern seawater has higher 83°Si values than fresh MORB (middle ocean ridge basalt) and bulk sili-
cate Earth, most oceanic basalts and serpentinized rocks have Si isotope compositions similar to the mantle value
regardless of their high or low 8'30 values (Savage et al., 2011; Yu et al., 2018), with the exception being the
lighter Si isotopes of small portions of oceanic crust that have undergone strong low-temperature alteration (e.g.,
Yu et al., 2023). Si isotopes are resistant to water—rock interaction because modern seawater is deficient in Si
and thus cannot cause resolvable Si isotopic variation at the bulk-rock scale. In view of the fluid being depleted
in Si in the unsilicified layer, the basaltic komatiite and komatiite in deep layers where the alteration temperature
exceeds 350°C are predicted to have mantle-like 83°Si but low-8'80 values (Figures 2a and 2b) and are inferred to
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be a potential source of the low-8'80 fluids that generated the 3.45-3.42 Ga and 3.24-3.23 Ga TTGs. In fact, this
prediction has been demonstrated with reference to the Barberton komatiites, which display §°°Si and 830 values
of —0.31%o to —0.24%o (Deng et al., 2019) and 3.3-3.7%o (Byerly et al., 2017; Wang et al., 2023), respectively.

As well as the low-8'%0 Barberton komatiites, low-8'30 values in Archean zircons have been reported for
cordierite—orthopyroxene granulites in the Yilgarn Craton (Hammerli et al., 2018), the tonalitic gneiss rock unit
within the Acasta Gneiss Complex (Reimink et al., 2014), and amphibolites and metatonalite from Pilbara Craton
(Johnson et al., 2022). Although there are different opinions on the factors that give rise to a high geothermal
gradient, the high-temperature hydrothermal alteration recorded by these zircons is considered to occur in shal-
low levels. Except for a few special cases (e.g., giant impacts; Johnson et al., 2022), these supracrustal low-5'80
rocks cannot readily contribute to the formation of TTGs because of preservation bias (Hammerli et al., 2018).
Low-8'80 rocks at shallow levels are readily destroyed (Hammerli et al., 2018), and their low-8'30 signatures
are likely overprinted by the low-temperature interaction between seawater and rocks, so long as they have not
risen above sea level and subaerially exposed. Moreover, although a high-temperature alteration in Archean
Si-saturated seawater can result in low 8'80 values, the §3°Si values of these natural samples are still unknown.
Therefore, basaltic komatiite and komatiite in Barberton are the likely low-8'30 source for the TTGs.

Basaltic komatiite and komatiite have a strong ability to preserve water (Hartnady et al., 2022; Tamblyn
et al., 2023). Most komatiitic rocks are erupted underwater and thus undergo interaction with seawater, as
evidenced by the pillow structures of komatiitic rocks (e.g., Arndt et al., 2008). Although the low-8'%0 values
of olivine in the Barberton komatiite were suggested to represent the early Earth mantle heterogeneity (Byerly
et al., 2017), these low 8'80 values are likely from secondary minerals (e.g., serpentine) that are inevitably
incorporated in olivine grains (Wang et al., 2023). Therefore, the low-8'%0 values of komatiitic rocks also reveal
a hydration event. Crucially, thermodynamic simulations have indicated that the high MgO content of basal-
tic komatiite and komatiite can stabilize hydrous minerals such as chlorite and tremolite until the temperature
reaches 680-800°C (Hartnady et al., 2022; Tamblyn et al., 2023). Up to 5 wt.% fluid can be extracted during
dehydration at such high temperatures, which may promote the melting of overlying basaltic rocks (Hartnady
et al., 2022; Tamblyn et al., 2023). §'30 fractionation modeling shows that the §'%0 values of overlying basalt
affected by the komatiitic-derived fluid can decrease 0.6—1.1%o, assuming a fluid/rock ratio of 0.1, and a fluid
880 value of 4.5 %o (Vho et al., 2020). This means the low-5'%0 fluid extracted from the basaltic komatiite and
komatiite is a significant material in the melting source for the TTGs with decoupled Si—O isotope compositions.
The Si isotope composition of overlying basaltic rocks might not be substantially affected by fluid derived from
komatiitic rocks, as Si isotopes were resistant to metamorphic and metasomatic processes (André et al., 2006; Yu
et al., 2018, 2023). Moreover, the Si isotope fractionation factor between rock and fluid is very low at temper-
atures of 680—-800°C, and basaltic komatiite and komatiite have similar 83°Si values (=0.31%o to —0.24%o0) to
those of basalt (ca. —0.27 %o; Savage et al., 2010). Therefore, the involvement of both silicified materials in the
silicified seafloor and fluid released from basaltic komatiite and komatiite in the basaltic source can explain the
decoupled heavy Si but mantle-like O isotope composition of 3.45-3.42 Ga and 3.24-3.23 Ga TTGs.

6. Implication

The tectonic setting for the Barberton TTGs is still controversial (e.g., Grosch & Slama, 2017; Van Kranendonk
et al., 2014; Wang, Tang, et al., 2022; Wang, Yang, et al., 2022; Wang et al., 2019, 2020). However, fluid can be
released from basaltic komatiite and komatiite in both sagduction and subduction settings (Figure 3) as long as
they are transported from deep levels where a temperature of >ca. 700°C can promote dehydration (Hartnady
et al., 2022; Tamblyn et al., 2023). The shift from decoupled to coupled Si—O isotopes of Barberton TTGs may
indicate the gradual exhaustion of the komatiite-derived fluids. The decoupled Si—O isotope compositions of
3.45-3.42 Ga and 3.24-3.23 Ga TTGs indicate that the hydrous minerals in komatiitic rocks have undergone a
dehydration process at that time. In a short time interval (ca. 1 ~ 10 Myr), the komatiitic rocks are unlikely to
erupt underwater and then provide the low-8'20 fluid again. In contrast, relatively high Dy/Yb ratios (Figure S6
in Supporting Information S1; Wang, Tang, et al., 2022) of the 3.23-3.22 Ga TTGs compared to the 3.45-3.42 Ga
and 3.24-3.23 Ga TTGs imply that the komatiitic rocks have been further transported to a deeper level by sagduc-
tion or subduction. Therefore, we demonstrate the decoupling of Si—O in zircons of Archean TTGs provides a new
perspective for understanding the genesis of continental crust and the evolution of early Earth. Archean granitoids
with mantle-like 880, values are generally considered to have formed without the involvement of supracrustal
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Figure 3. Cartoon models showing the dehydration of basaltic komatiite and komatiite in (a) the sagduction and (b)
subduction tectonic settings (modified from Moyen & Martin, 2012).

components (Valley et al., 2005). In addition, the shift from mantle-like to elevated 8'30,  values is considered
to indicate the initiation of subduction (e.g., Wang, Tang, et al., 2022; Zhang et al., 2018). However, the decou-
pled Si-O isotopes of the Barberton TTGs show that the mantle-like §'30 values may have been produced by
the addition of both supracrustal silicified materials and fluid from deep basaltic komatiite and komatiite, which
indicate that the use only of zircon O isotopes to reveal the genesis of Archean granitoids and the tectonic setting
open to various interpretations. The shift of §'80 values of Archean granitoids may be not related to the tectonic
transformation.

7. Conclusions

TTG rocks from the Barberton granitoid-greenstone terrane can be divided into three groups in terms of their
formation ages and Si—O isotopes. The 3.45-3.42 Ga (Group 1) and 3.24-3.23 Ga (Group 2) TTGs have mantle-
like 8'%0,, but high 8%°Si__, values, whereas the 3.23-3.22 Ga (Group 3) TTGs are characterized by elevated
8180, and 8%Si_, values. We propose that Group 1 and 2 TTGs were formed by the involvement of silicified
materials and fluid released from komatiitic rocks and that the formation of Group 3 TTGs involved silicified

melt

materials only. We further suggest that the mantle-like O isotope compositions of the Barberton Archean grani-
toids might not reflect the absence of supracrustal materials.

Data Availability Statement

All analytical data are provided in Tables S1-S5 in Supporting Information S1, which are available on figshare
(https://doi.org/10.6084/m9.figshare.23622489.v1).
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