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The discovery of siliceous volcanic rocks, volcaniclastic rocks, and
iron-titanium-rich melt inclusions at the bottom of the Great Wall
System in Huyugou

SUN Jia-jing, XIE Yu-ling, YU Chao, QU Yun-wei and XIA Jia-ming
(Civil and Resource Engineering School, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The Proterozoic Fon is a critical period of the Earth’s evolution, and the study of its rock records in this
period is important for understanding the Earth’s evolution in the Precambrian. The correct interpretation of rock genesis
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is the basis of the study of rock geotectonics and the premise of revealing the change of earth environment based on
rock records. A set of silicon-rich layered rocks generally developed at the bottom of the Changcheng System in the
North China Craton, which is considered to be a set of marine quartz sandstones and siliceous rocks formed by shal-
low metamorphism in rift valley deposition. This paper focuses on the silica-rich layered rocks of Changzhougou
Formation at the bottom of the Great Wall System exposed in Huyugou, Changping, Beijing. Through detailed field
geological observations, petrological and mineral analysis of typical samples, SEM/EDS (Scanning Electron Micros-
copy/ X-ray Spectroscopy), CL (Cathodoluminescence) imaging, in-situ LA-ICP-MS (Laser Ablation-inductively
Coupled Plasma Mass Spectrometry) analysis of quartz, and petrological, micro-thermometry, muffle furnace heat-
ing-quenching experiments, and SEM/EDS, EPMA (Electron Probe Microanalysis), LRM (Laser Raman Micros-
copy) analysis of melt inclusions in quartz, a new understanding of the volcanic origin of the silicon-rich stratified
rocks at the bottom of the Great Wall System has been proposed. The results indicate that the silicon-rich stratified
rocks at the bottom of the Great Wall System include two types: clastic structures (previously defined as quartz
“sandstone”) and mosaic structures (previously defined as “quartzite”). The main mineral compositions are quartz
and K-feldspar, with minor amounts of zircon, rutile, and other minerals. In the clastic structure rocks, quartz and
K-feldspar clasts exhibit angular to subangular shapes, and K-feldspar shows no signs of clay alteration at the
edges. The CL of quartz in the two types of rocks mostly shows blue-purple luminous characteristics. Additionally,
the formation temperature estimated by the quartz titanium saturation thermometer is concentrated between 550 ~
650°C, indicating characteristics of high-temperature quartz. Both types of rocks contain iron-titanium-rich two-
phase melt inclusions in quartz and K-feldspar. Micro-thermometry results of the melt inclusions show that during
the heating process to 1 000°C, the composition of the two-phase immiscible melt inclusions changes continuously,
when the temperature reaches 1 000°C, with a color reversal occurring at about 1 050°C, and critical homogeniza-
tion around 1 350°C. Muffle furnace heating-quenching experiments also confirmed that the two-phase melt inclu-
sions in the samples quenched after heating to 1 350°C  became homogeneous. SEM/EDS and EPMA results indi-
cate that the main components of the meli inclusions are iron and titanium oxides, with the dark part being relative-
ly rich in iron and the light part being relatively rich in titanium, and the Fe/Ti ratio of the two phases of the melt
inclusions varies greatly. LRM analysis results show that both phases of the melt inclusions are amorphous. Integra-
ting the structural characteristics of the rocks, the CL luminescence characteristics of quartz, the formation temper-
ature estimation of quartz, and the micro-thermometry results of the melt inclusions in quartz, it is believed that the
siliceous strata at bottom of the Changcheng System should be siliceous volcanic rocks and volcaniclastic rocks. This
indicates that there was a large-scale siliceous volcanic activity in the North China Craton during the Paleoproterozo-
ic, which is related to the rifting of the Columbia Supercontinent. It provides new evidence for the geological evolu-
tion of the North China Craton in the Proterozoic. The discovery of iron-titanium-rich melt inclusions in quartz also
offers new perspectives on the formation of Precambrian magmatic iron and titanium deposits, particularly the en-
richment mechanism of iron and titanium during the magmatic process.
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Fig. 1 Simplified geological map of Huyu and surrounding area ( after Beijing Bureau of Geology and Mineral Resources, 1991)
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Fig. 2 Field photos of “quartz sandstone” and “quartzite”
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a—"“ quartz sandstone” showing bedding structure; b—contact relation and bedding structure of the“ quartzite” and “quartz sandstone”
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Fig. 3 Microscopic photos of “quartz sandstone” and “quartzite”
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a—clastic texture, in which the quartz clastic shape is different, some edges and corners are clear (+) ; b—clastic texture, including quartz and

feldspar angular (+) ; c—clastic texture, including visible round shape quartz aggregate and fresh without alteration of potassium K-feldspar (+) ;

d—acicular rutile exsoluted from quartz (=) ; e—moisac texture of quartz (+) ; f—euhedral K-feldspar and mosaic texture of quartz (+) ;
Qt—quartz; Kfs—K-feldspar; Ch—carbonate cement; Rt—rutile; Zrn—zircon
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Fig. 4 BSE images and X-ray energy spectrums of the major minerals in “quartz sandstone” and “quartzite”
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a—euhedral shaped zircon in quartz; b—X-ray energy spectrum of zircon; c—apatite and rutile in quartz; d—X-ray spectrum of apatite; e—horn-

blende in clastic quartz; f—X-ray spectrum of hornblende; g—titanite in quartz; h—X-ray spectrum of titanite; i—subhedral zircon in K-feldspar;

Jj—X-ray energy spectrum of zircon; k—euhedral shaped allanite and K-feldspar in quartz; 1—X-ray spectrum of allanite; m—hyalophane metasoma-

tized K-feldspar; n—X-ray energy spectrum of hyalophane; Qt—quartz; Zrn—zircon; Ap—apatite; Ri—rutile; Kfs—K-feldspar; Ch—carbonate
cement; Hbl—hornblende; Ttn—titanite; Aln—allanite; Hy—hyalophane; a~h—"quartz sandstone” ; i~n—" quartzite”
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Table 1 Results of in-situ LA-ICP-MS analysis of “quartz sandstone” and “quartzite”

HASE  FERS Li Na Mg Al K Ca Ti Mn Fe Be B Cu Zn As
i 1010-2-1 0.3 26.7 3.6 723.4 1065.8 179.0 18.6 9.0 30.1  0.09 1.0 0.2 3.3 0.3
1010-2-2 0.4 286.2 109.6 1934.3 3431.7 437.7 76.6 44.8 67.8 - 16.0 5.6 23.9 1.2

1010-1-2 0.1 23.0 2.3 5.2 97.4  43.7 3.8 2.4 5.2 - - 0.1 3.6 0.1
1023-2-1 4.2 - 2.8 108.9 - 9637.6 28.6 44.0 672.7 - 103 - 17.5  37.0

1023-2-2 1.1 - 39.9 9.3 13.1 157.6 14.5 0.1 - - - - 0.2 0.7

1023-1-1 - - - 6.4 - 27.2 2.3 0.3 9.1 0.2 0.2 - 0.3 0.6

1023-1-2 0.6 9.4 0.6 8.0 - 70.3 3.0 - - 0.3 5.0 0.2 - -

1023-3-1 0.5 15.3 3.8 10.8 2.6 28.3 8.1 0.6 12.8 - 0.3 - 0.3 1.5

1023-3-2 1.0 1.3 - 12.9 2.9 57.7 7.9 - - 0.1 1.0 0.2 - 0.1

X 1023-4-1 0.5 2.5 0.5 6.6 11.3 0.8 6.8 0.2 10.3 - 3.0 - - 2.5

A

1023-4-2 0.1 - 2.4 3.5 - 35.8 15.6 - - 0.3 1.2 0.4 0.3 0.2

1023-5-1 1.1 - - 17.0 78.6  54.8 31.2 0.7 1.1 0.6 2.8 - 0.6 0.5

1023-5-2 0.5 8.3 0.2 17.1 49.9  41.5 41.5 - 3.7 - - 7 - 0.9

1025-2-1 5.4 11.2 0.2 45.1 - 19.9 59.3 0.8 - 0.9 1.9 0.4 - 1.0

1025-2-2 3.7 17.8 6.2 59.4 45.4 44.0 66.3 4.0 27.8 0.7 5.1 0.1 = 0.6

1025-1-1 1.2 - 16.8 9.8 - 45.9 44.0 - 7 - X - 0.8 -

1025-1-2 0.2 7.3 0.2 17.1 - 67.0 38.0 0.2 21.6 - 0.5 - 0.5 0.7
1025-1(2)-2 0.2 - 0.7 10.2 - 11.3 7.4 0.1 A - 2.1 - 1.3 1.0

I R =" BRI SR TR R

®2 AR-HKEMEETTEER

Table 2 Calculation result for quartz-titanium saturation

thermometer
HAH FE w(Ti)/107° 1/C
1010-2-1 19 579
AR A 1010-2-2 77 716
1010-1-2 4 464
1023-2-1 29 616
1023-2-2 15 558
1023-3-1 8 514
1023-3-2 8 513
1023-4-1 7 502
1023-4-2 16 564
Vap e 1023-5-1 31 624
1023-5-2 42 652
1025-2-1 59 688
1025-2-2 66 700
1025-1-1 44 657
1025-1-2 38 643
1025-1(2) -2 7 508
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Fig. 6 Plane-polarized light photomicrograph of melt inclusions hosted in quartz
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Fig. 8 BSE image (a) and X-ray element maping (b, ¢, d) of a melt inclusion in quartz
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Table 3 Electron probe analysis of the melt inclusion

I

NiO 0 0.1 0 0 0
MnO 0 0 0 0.2 0.1
V,0, 0.1 0.1 0.5 0 0.8
CoO 0.2 0 0.1 0.1 0.1
K,0 0 0 0.1 0 2.5

Ca0 0 0 0 0 0
P,0; 0 0 0 0 0.1
FeO 73.9 77.9 76.2 48.3 50.5
TiO, 15.3 13.2 12.3 49.9 25.8
Si0, 0.4 0.4 0.3 0.9 10.3
Al, 0,4 0 0 0 0 3.4

MgO 0 0 0 0 0
Total 90 91.7 89.6 99.4 93.9
FeO/TiO, 5.3 6.8 6.8 1.1 2.1
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Fig. 10 Microscpopic photographs of melt inclusions in quartz at different heating stages of microthermometry
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