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Formation model of authigenic chimneys on the Quaker serpentinite mud volcano in the Mariana forearc
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Abstract: Authigenic chimneys, found at the top of serpentinite mud volcanos in the Mariana forearc, are induced by the seepage of low
temperature and alkaline fluids. They are critical significant to trace the eruption of serpentinization fluids. However, few is known with regards
to the formation mechanism of these chimneys. In this paper, detailed investigations are carried out on the petrology, mineralogy, and major
elemental geochemistry of the chimneys collected from the Quaker serpentinite mud volcano in the Mariana forearc region so as to explore the
formation model of these authigenic chimneys. Base on the mineral and elemental compositions, as well as neomorphic processes, three types of
chimneys are identified. It is found that infancy chimneys are high in MgO (18.5%~37.5%) and low in CaO contents (12.2%~32.1%), and
mineralogically composed of calcite (52.0%~77.6%) and magnesium-rich alkaline minerals, such as brucite, hydromagnesite, and hydrotalcite,
while the mature chimneys are characterized by reduced MgO contents (1.5%~ 23.6%) and enhanced CaO contents (18.6%~ 53.3%), and
mineralogically composed of calcite (59.8%), magnesium-rich minerals and aragonite (23.4%). Dead chimneys have the highest aragonite
content (33.2%), but do not contain any magnesium-rich minerals. In addition, microscopic observation results have revealed the precursory
magnesium-rich alkaline minerals replaced by aragonite. The variations of elemental and mineral compositions among different types of
chimneys, and their petrological characteristics suggest that the fluid seepage induced calcite and brucite precipitation, while aragonite
represents a replaced phase of brucite. Brucite occurrences indicate newly formed fabrics, while aragonite reflects an old precursory mineral.
Micro-drilled samples from the same chimney cross section show successively decrease of MgO content and increase of CaO content from inner
to outer, suggesting that the outer texture is older than the inner. The top of a chimney displays higher MgO and lower CaO contents than the
bottom, indicating that the top is relatively younger.
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Fig.1 Distribution map of serpentinite mud volcanoes and photos of the sea bottom at top of the serpentinite mud volcano in the Mariana forearc

a. distribution map of serpentinite mud volcanoes, b and ¢ are photos of the sea bottom at top of the Quaker seamount showing chimneys. b from private

communication with P. Fryer, c after reference [41].
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Fig.2 Chimney samples from the Quaker seamount

a. an infancy chimney showing light yellow crust, loose and poriferous rim, white flaky core and remnant cavity of fluid channel, b. a finger shaped infancy

chimney with bright white crust, but similar inner textures like the sample of a, c. a finger shaped mature chimney showing weathered light gray crust, loose and

poriferous rim, white flaky core and remnant cavity of fluid channel, d. a mature chimney with crust and rim texture like the sample of c, but a filled channel, e.

a dead chimney with anormal shape showing serious weathered brown crust, with most dense part and trace acicular aragonite. All the scale bars are 3 cm.
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Fig.3 Stereoscope photos of chimneys from Quaker seamount

a. magnesium-rich alkaline mineral from inner rim of an infancy chimney, b. the loose and poriferous texture between crust and inner rim,

c. acicular aragonite filling in a channel.
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Fig.4 SEM images of authigenic chimneys from Quaker serpentinite mud volcano

a & b prismatic calcite with and thin foliated brucite in an inner rim of an infancy chimney, c. aggregations of thin foliated brucite/hydromagnesite showing

irregular radial texture. Top right corner is a zoomed-in image, d. thick foliated or blade hydromagnesite, e. hexagonal hydrotalcite occurring near brucite,

f. acicular aragonite replacing precursory hydromagnesite. The white cross represent measurement point of EDS.
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Fig.5 Microstructures of chimneys from Quaker seamount

a & b a part near inner rim of a mature chimney with high porosity composed of calcite and magnesium-rich alkaline mineral with wavy extinction. Trace

magnesium-rich alkaline mineral were replaced by aragonite( a plane-polarized light; b polarized light), ¢ & d a part between inner rim and outer rim with

medium porosity mainly composed of euhedral-subhedral calcite and radial aragonite. Aragonite replaced the precursory magnesium-rich mineral( ¢ plane-

polarized light; d polarized light), e. the crust of a mature chimney with low porosity mainly composed of calcite and aragonite. Calcite suffered

recrystallization is subhedral-anhedral( plane-polarized light), f. acicular aragonite filling in a channel of a dead chimney( polarized light) .
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Table 2 The major elemental compositions of the chimneys from Quaker seamount o

PSS P Sh ik CaO MgO Na,O Al 05 P,0s K,0 Fe,05-T
Q101 PR GIAE i) 12.2 37.5 2.0 0.12 0.02 0.05 0.0007
Q102 LA AR AT 21.7 29.0 1.6 0.05 0.03 0.03 0.0015
Q103 LA AT 32.1 18.5 1.4 0.02 0.04 0.02 0.0135
Q201 AR 1 TR T 18.6 23.6 2.9 4.01 0.14 0.10 0.0029
Q202 AR 1 TR T 342 15.0 1.3 0.21 0.03 0.03 0.0267
Q203 AR 1 TR T 36.5 13.0 1.3 0.03 0.03 0.03 0.0174
Q204 AR 1 AL T 28.4 14.8 2.8 2.79 0.09 0.09 0.0020
Q205 AR 1 AL T 51.9 2.0 12 0.29 0.04 0.01 0.0029
Q206 AR 1 AL T 53.3 1.7 12 0.04 0.05 0.01 0.0028
Q207 AN R AR T 52.7 1.5 13 0.01 0.05 0.01 0.0019
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Fig.6 The major elemental compositions of chimneys from
Quaker seamount

a. CaO vs. MgO plot, b. the CaO contents of micro-drilled samples of
chimney cross sections from inner to outer, c. the MgO contents of micro-
drilled samples of chimney cross sections from inner to outer. The Arabic
numerals represent sampling point in the cross sections. 1, 2, 3, 4 outward

successively.
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