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Objective

The North China Craton (NCC) is characterized by
widespread tectono-thermal events at ca. 2.5 Ga, which
differs from many other older cratons on Earth, which
usually record tectono-thermal events at ~2.7 Ga.
Therefore, the search for early crustal material, especially
rocks within the NCC that record the 2.7 Ga event, is key
to understanding the formation and evolution of ancient
crust, and the initiation time and mechanism of plate
transformation based on comparative studies of the NCC
and other major cratons. There are many ancient rocks
within the NCC, especially along the northeastern margin
of this craton, where zircons yield ages as old as ca. 3.8
Ga. The oldest rocks are concentrated in the Anshan-
Benxi area of Liaoning Province. Previous studies have
shown that 2.69-2.65 Ga meta-supracrustal rocks, and
2.58-2.52 Ga granitic rocks and coeval meta-supracrustal
rocks are exposed in the Jiapigou and Helong areas in the
central and eastern parts of Jilin Province, which indicated
the possibility of finding evidence of the 2.7 Ga event in
southeastern Jilin Province. This paper first reports the
discovery of ~2.7 Ga granitic gneiss in the northwest of
Tonghua City, which provides information on the nature
of this magmatic event within the NCC, and allows for a
global comparison of the formation and evolution of early
crustal materials.

Methods

With ongoing support by the National Natural Science
Foundation since 2013, we have carried out field surveys
and petrological, geochronological, geochemical, and
isotopic rocks along the
northeastern margin of the NCC. Rock samples were
crushed and zircons were separated at the Langfang
Regional Geological Survey Institute in Hebei Province,
China. Internal structures in zircon were revealed by

studies of Precambrian
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cathodoluminescence (CL) imaging. The major, trace, and
rare earth element compositions of the samples were
analyzed at the National Research Center for Geoanalysis,
Chinese Academy of Geological Sciences in Beijing,
China. U-Pb dating and in situ Lu—Hf isotope analyses of
zircons were performed by LA-MC-ICP-MS at the
Laboratory Center, Xi’an Center of the Geological Survey
of China.

Results

The results show, for the first time, the occurrence of
Neo-Archean (2.7 Ga) granitoid gneisses in southeastern
Jilin Province. Specific details and features of these rocks
are as follows.

(1) The rocks were collected at Sanyuanpu Town, north
of Tonghua City (Fig. 1b; 125°5020.89"E, 41°56'13.20"
N; 125°47'04.47"E, 42°01'55.66"N), and are mainly
tonalite gneisses with a mineral assemblage of plagioclase
(~60%), quartz (~30%), hornblende (<3%), biotite (~5%),
and opaque minerals (Fig. 1d). These samples exhibit fine-
to medium-grained textures, gneissic structures, and were
intruded by ~2.5 Ga monzogranites (Fig. 1c).

(2) Zircons from the tonalite gneisses are long,
columnar or oval-shaped, and mainly gray to white in
color. They show rhythmic zoning (Fig. 1e) and high Th/U
(0.61-1.09), indicating a magmatic origin.
Moreover, these features are similar to those of inherited
or captured zircons in meta-supracrustal rocks in the same
region. The age data show that the magmatic precursors of
the tonalite gneiss samples formed at 2.7-2.68 Ga (Fig.
1f). We therefore consider that 2698-2683 Ma represents
the age of the original formation of the granitoid gneisses.

(3) The tonalite gneisses are rich in SiO,, CaO, and
Na,O, and they belong to the medium-K calc-alkaline
series. They are enriched in LREEs and strongly depleted
in HREEs and HFSEs (Nb, Ta, P, and Ti).

(4) Lu—Hf isotope analyses yield ages of 2698 to 2683
Ma, corresponding epq(f) values of 4.25 to 7.96, and T py

ratios
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Fig. 1. (a-b), Geological map of Precambrian rocks showing ~2.7 Ga granitoid gneisses in southeastern Jilin Province; (c—d), Field

photographs and photomicrographs of the tonalite gneiss; (), Cathodoluminescence (CL) images of zircons from the tonalite gneiss
samples; (f), Age spectra (age (in Ma) versus number of zircons) for zircons in the tonalite gneiss; (g), end(?) vs. T (Ma) diagram.

Q, Quartz; P, Plagioclase; Bt, Biotite.

model ages of 2.65 to 2.93 Ga (Fig. 1g), indicating the
parental magma of these tonalite gneisses originated from
partial melting of juvenile crustal materials and represents
an episode of crustal growth in southern Jilin Province at
2.9-2.7 Ga.

(5) Previous studies reported that basement rocks in
southern Jilin Province are characterized by the
continuous development of 2.6-2.5 Ga rocks (Fig. 1g).
This result, combined with the observation that most of
these rocks have positive ey(¢) values (Fig. 1g), raised the
possibility that 2.6-2.5 Ga was the most important period
of crustal growth in southern Jilin Province. However, the
~2.7 Ga granitoid gneisses of the present study yield eyg(¢)
values of 4.25 to 7.96, representing the early Neoarchean
(~2.7 Ga). These results indicate that ~2.7 Ga was also the
main stage of crustal growth in southern Jilin Province.

Conclusions

Neo-Archean granitic basement rocks to the northwest

of Tonghua formed at 2.70-2.68 Ga rather than 2.5 Ga as
previously thought. Geochemical and Lu-Hf data indicate
that these rocks were derived by partial melting of juvenile
crustal materials, suggesting a ~2.7 Ga magmatic event in
southeastern Jilin Province, which was previously
unknown. The results contribute to research on the
northeastern margin of the NCC and provide a new basis
for comparisons between the NCC and other ancient
cratons.
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