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Although plate tectonics is the most important geological 
process of the modern Earth, its form and existence 

during the Archean era (4.0–2.5Ga ago) are disputed.

There are two classical tectonic models for Archean era

Vertical Tectonism    vs    Horizontal Tectonism

When did plate tectonics begin?



Vertical Tectonism
Including plume-driven magmatism, crustal melting,
diapirism. In particular, density inversion leads to buoyant
uplift (diapirism) of granitoids and associated synclinal down-
folding (sagduction) of greenstones.

(From Ramberg 1981)



Horizontal Tectonism:
A plate tectonics-like process characterized by large-scale 
horizontal displacement (drift) of “plates” or “microplates” and 
interactions (e.g. collision) among them.

(From Calvert & Ludden 1999)
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Younger            Influx of hot
asthenospheric mantle

Metasomatized 
mantle wedge

(From Lin and Beakhouse 2013)



Van Kranendonk et al., 2007

Pilbara Craton, Australia



(After Zhao et al., 2005)

Neoarchean Tectonics in Anshan area

Central Asian Orogenic Belt
Anshan area



Lithological
Units：

①3.80~3.65Ga：
Baijiafen,
Dongshan and
Shengousi granitic
gneisses.

②3.35~3.30Ga：
Chentaigou granite,
granitic gneiss.

③3.14~2.96Ga：
Lishan
trondhjemite,
Tiejiashan
granite

④~2.5Ga：
Qidashan granite
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Baijiafen

3.8Ga
(with 3.6Ga, 3.3Ga,3.1Ga zircons)

Oldest rock in China



3.8Ga

3.1Ga

3.3Ga

3.3Ga

Oldest rock in China



What’s the relationship between BIF and TTG?



Baijiafen ductile shear zone in the west of BIF belt

Baijiafen section3.3Ga
3.8Ga(3.1Ga, 3.3Ga)

2.5Ga



Foliation：50°~70°∠ 55°~65°

Lineation：86-95°∠ 53°

Field Observation

Top-to ENE down shearing



Micro-structure

• Quartz

Multi-grain ribbon

L/W：1.2~2.5

BLG+SGR
• Feldspar

Elongation,

Mechanical twin,

• Deformed muscovite

Middle-lower T

Chentaigou granitic gneiss



• Quartz ribbon

L/W：1.5~4.0
BLG+SGR

• Feldspar
Elongation，mechanical twin

• Dextral shearing（NEE)

Baijiafen trondhjemitic gneiss

Middle-lower T



Qidashan ductile shear zone in the east of BIF belt



Foliation：265°~330°∠69° ~88°

Lineation：270°~296°∠64°~81°

Mica schist

Quartz schist Granitic gneiss

Granitic gneiss Granite

Field Observation

Top-toWNW down shearing



Mica schist

Micro-structure

Middle-lower T

Quartz grain

• Elongated

• Ribbon

• BLG+SGR.



• Elongated quartz
Ribbon, BLG+SGR.

• Elongated feldspar，

grain fining, mechanic

twin.

• Sinistral shearing
（NWW).

Granitic gneiss

Stronger deformation with increasing muscovite closing to the BIF belt



Baijiafen trondhjemite 

• C axis of quartz: rhomb <a> slip and basal <a> slip
• Deformation temperature（400~500℃）

Qidashan granite

Chentaigou granite

Mica-quartz schist

Quartz grain EBSD analyses

Baijiafen ductitle shear zone

Qidashan ductitle shear zone

Jing Li, Yongjiang Liu, et al., 
JAES, 2017, 139 



Parameter
Baijiafen ductile shear zone Qidashan ductile shear zone

Chentaigou Gr. Baijiafen Gr. Mica-schist Qidashan Gr.

Flinn（k） 1.15-1.45 2.17-4.32 2.94-5.62 1.26-1.62

Strain（Es） 0.16-0.20 0.31-0.64 0.53-0.66 0.15-0.48
Tectonite L=S LS LS L=S

Strain pattern Plane-elongate Elongate Elongate Plane-elongate
Kinematic velocity Wk 0.707-0.883 0.731-0.848 0.848-0.951 0.906-0.961

Measurement：Quartz grain

Logarithmic Flinn diagram（a） and Hossack diagram（b）

Finite strain measurement and kinematic velocity

• Wk > 0.75

• Simple shear-dominated
general shearing
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Baijiafen Shear Zone Qidashan Shear Zone

Closing to BIF: Strain intensity increasing, mineral grain size decreasing
Jing Li, Yongjiang Liu, et al., JAES, 2017, 139 



小结：
The two steep-slide ductile shear zones
were formed by the subsidence of the BIF layer.

Shear
zone Baijiafen shear zone Qidashan shear zone

Location West of the BIF belt East of the BIF belt

Lithology Granitic and trondhjemitic
gneisses

Granitic gneiss, mica-schist,
quartz schist

Macro-Str. Band, steep foliation and lineation Band, steep foliation and lineation

Micro-Str. Quartz: BLG+SGR Quartz: BLG+SGR

Strian Plane-elongate Plane-elongate

Shear General shearing General shearing

T 400~500℃ 400~500℃

Shear
sense ENE directed steep-slide WNW directed steep-slide

Strain
intensity Stronger deformation with increasing muscovite closing to the BIF belt



Gravity abnormally of Anshan area (Fan et al., 2014)

Geological interpretation（A-B）

Geophysical data interpretation



Steep-slide ductile shearing

Jing Li, Yongjiang Liu, et al., 
JAES, 2017, 139 



(After Xue et al., 2017)

Dome and keel structure, timing

The time of the structures is
constrained by an unconformity
between Archean basement and
Paleo-Proterozoic cover (~2.5Ga).



Digital modelling for the sagduction

BIF / TTG directly contact BIF / greenschist / TTG contact

Key parameters: density difference and T
Xinyue Liu,YJ Liu, et al., Acta Petrologica Sinica, 2019,35(4)



Tectonic model-
Gravitational overturn (Sagduction)

High density difference

Granite

Sagduction of BIF F.

BIF F.

Jing Li, Yongjiang Liu, et al., JAES, 2017, 139 
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Domes in Eastern Hebei 
(After He et al., 1991)
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Cross Lake greenstone belt (Superior Craton)

(From Parmenter et al., 2006) 



• 新太古代时期，鞍山地区的地壳生长以及构造演化模式仍以垂向构造运动
为主，局部可能伴随小规模的水平剪切作用；

• 鞍本地区太古宙早期的基底构造轮廓以穹脊构造样式为主，代表了地球的
早期构造特征，可类比于世界上其他典型的克拉通。

• 垂向构造机制下含铁建造绿岩体向下拗沉过程中伴随的矿体富集作用，为
今后沉积变质型铁矿向斜控矿模式的研究以及鞍山南北向BIF铁矿带深部找

矿等工作提供一定的理论依据。

鞍山地区早期地壳生长的几点认识
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Eastern Pilbara Craton, Western Australia



• Horizontal tectonism
started 3.2Ga in Pilbara.

• Later in North China Craton
which was still in Vertical
tectonism around 2.5Ga.

Van Kranendonk et al., 2007



The beautiful night in Qingdao, China


