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Research on the accumulation sequence and eruptive process of Late
Quaternary Maars in eastern Inner Mongolia
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Abstract: With the progress in the research on global volcanoes, geologists have discovered volcanoes of Maars
type with special genesis in most volcanic groups. Maars, characterized by low-relief, broad volcanic crater and low
flat cone, are mainly composed of base surges with climbing bedding, parallel bedding, large low-angle cross-
bedding and some other structures, thus being an important object for studying the evolution process of volcanic

eruption. Many Maars with typical base surges have recently been discovered from Nuominhe, Arshan-Chaihe and
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Abaga volcanic clusters in eastern Inner Mongolia. Based on comprehensive field survey and available researches
both in China and aboard, the authors summarized the geological features of the late Quaternary Maars in eastern
Inner Mongolia by theories of volcanology and volcanic geology, including their distribution, products and typical
structures. The activity of the volcano is divided into three stages: phreatomagmatic eruption stage dominated by
base surges, magma eruption stage represented by fall-spatter deposits, and magma overflow stage with alkaline oli-
vine basalt. These composite volcanoes were active in the late Pleistocene, whereas the Maars mainly erupted at
early to middle stage stated above. The unique strata, volcanic product and regional tectonic structure all indicate
that phreatomagmatic eruption was generated at the shallow depth. Based on the discussion of the genetic mecha-
nism and evolution simulation, the authors infer that there exists an inherited relationship between Maars and other
volcanoes, such as Strombolian and Hawaiian.

Key words: eastern Inner Mongolia; Late Quaternary; Maars; accumulation sequence; the process of phreatomag-

matic eruption
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Fig .1 Sketch map of Quaternary volcanic cluster in Northeast China and eastern Inner Mongolia ( modified after Bai Zhida

et al. , 2012)
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Table 1 Main characteristics of typical Maars in eastern Inner Mongolia
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Fig.2  Geological map of the structure(left)and satellite map Cright) of Xireketeqihutong volcano (modified after Tu Zhimin, 2010)
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1—Holocene fluvial alluvium; 2—upper Pleistocene basalt; 3—upper Pleistocene tephra; 4—upper Pleistocene base surges; S—upper Jurassic rhy-

olite; 6—splash down deposits; 7—basalt; 8—base surges; 9—bocca; 10—crater; 11—spatter cone; 12—a cone of Maars; 13—magmatic vent;

14—direction of lava flow
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Fig. 3 Geological map of the structure of Woniupaozi volcanic
cone( modified after Zhao Yongwei, 2007 )
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Fig.4 The contact profile between base surges and slope

deposits of Woniupaozi volcano Cafler Zhao Yongwei, 2007 )

MG LSBTt ST SEE 9 2 2 R 1 5 VIR A AR A
AR K Ll B HEAR AR R 3 ~8 km, %N 15 ~55
m, HEVRYE R 5° ~ 159, Bk R ANBE N 28, Kl T E
BN 1.5 ~4.0 km, KITERE N 15 ~55 m. Wi
LAz G R T e e 300 e 7 1) 2 0 oKL i il 7
(s 48 B P LR it =X R B ek R 2 o ) R )
S EE AR AR N 0.5 ~ 1.5 km, 51N 30 ~
80 m, HEMKI B — Mk 30°, KIHEO H4A8 0.3 ~1.2
km, PREE R 25 ~65 m, A L2 ANWEK 1. 7558 HE
ST, 8 R AR R Ok HE TR HERR P T 0k
R A2 T s 5 (& 6as6b) . J£ 0.5 ~15 m
ANEE PR S TR HE AR H s Y [ 65 T 1 i 4 F e v

400 L

=7 s [ 2| @]

Bl 5 BRI Ko P OB 53 45, 2007)
Fig.5 Cross section of Woniupaozi volcano Cafter Zhao Yongwei, 2007)
=GR 2— LG DS L s 3— LB SR I KRS s 4— LR B gemises: 5s— L R4 6— Wik Xl
TR Y 8 LA 9O—IERA R 10—IEWTZ; 11—#IK

1—Holocene alluvium; 2—the top of upper Pleistocene basalt; 3—the bottom of upper Pleistocene tephra; 4—upper Jurassic rhyolite;
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a—the contact relation between basalt, falling scoria and base surges; b—the contact relation between basalt and base surges; c—the contact relation

between red slope deposits and base surges with parallel bedding; d—sag structure ( Wang Xijiao et al. , 2012); e—large low angle cross-bedding;

f—accretionary lapilli ( Wang Xijiao et al. , 2012)
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Fig. 7 Geological map of the structure(left)and satellite map (right) of Haotewula volcano ( modified after Wang Xijiao
et al., 2012)
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1—Holocene lacustrine deposits; 2—the top of upper Pleistocene basalt; 3—the middle of upper Pleistocene basalt; 4—the bottom of upper

Pleistocene tephra; 5—basalt; 6—splash down accumulation of welded agglomerate; 7—base surges; 8—bocca; 9—lava vent; 10—spatter cone;

11—a cone of Maars; 12—crater; 13—low crater
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Fig. 8 Geological map of the structure of Chelewula(left)and Esigewula (right) volcanic cone ( modified after Wang Xijiao
et al. , 2012)
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1—the aeolian sand, alluvial sand and gravel of Holocene; 2—Holocene lacustrine sludge; 3-—upper Pleistocene tephra; 4—upper Pleistocene basalt;

S—upper Pleistocene base surges; 6—basalt; 7—splash down accumulation of welded agglomerate; 8—base surges; 9—bocca; 10—spatter

cone; 11—low crater; 12—attitude; 13——lake; 14—crater
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1—Holocene lacustrine deposits; 2—the top of upper Pleistocene tephra; 3—the middle of upper Pleistocene basalt; 4—the bottom of upper

Pleistocene tephra; 5S—upper Pleistocene strata; 6—lacustrine sludge; 7—splash down accumulation of welded agglomerate; 8—Dbasalt;

9—base surges; 10—foundation bed; 11—normal fault
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The evolution process of Maars
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1—Dbasalt; 2—the gray-black splash down deposits of volcano; 3—the brown falling deposits of volcano; 4—base surges with parallel bedding, large-
low angel cross bedding, etc; 5—the confining bed of shale; 6—sand-gravel aquifer; 7—foundation bed; 8—hot magma intrusion along the fault; 9—

groundwater heated by high temperature magma in a relatively closed environment; 10—steam-magma explosion point at shallow surface; 11—pyro-

clastic flow; 12—the direction of pyroclastic flow
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