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measurements. All hydrogels were prepared by dissolving freeze-dried polypeptide
powder in deionized water. To speed up dissolution, vortex mixing was also applied for a
few minutes to the samples, although identical samples could be prepared without
agitation by letting them stand overnight. Gelatin samples were prepared by dissolving the
protein in warm water (60°C).

Microrheological measurements were performed by dispersing a small amount of
manodisperse polystyrene spheres (with amidine surface groups) into copolymer
solutions of K, L. The brownian motion of the tracer particles was captured b} digital
video microscopy in a conventional micrascope (Nikon) with 100 X oil-i
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objective. Image analy: s performed with IDL software. Particle trajectories were
extracted and analysed using algorithms developed and kindly provided by the Weitz
group (Harvard University) ",

Microscopy

For LSCM, lipophilic fluorescent dye (DiOC, 5, Molecular Probes) was dissolved (about
0.001 wt%) in THF. Several drops of this dye solution were added to deionized water that
was used to prepare the hydrogels, which were allowed to stand for over 12h before
imaging. Imaging was performed with a Zeiss 510 microscope equipped with an ArKr laser
(30 mW) using 488 nm as the excitation line for the dye. For CTEM, a 1.0-wt% sample of
KyoLao was spread into a thin film on glass, into which a carbon-coated TEM grid was
pressed, thus transferring a thin film of sample. The hydrated gel was then vitrified on the
grid in liquid ethane with a Leica cryoplunging system. The in sitw, vitrified gel membrane
scaffolding was subsequently directly imaged without staining at 200kV in bright-field
mode using a Gatan 626 cryotransfer stage in a JEOL 2000FX microscope.
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In order to understand the dynamics of the India—Asia collision
zone, it is important to know the strain distribution in Central
Asia, whose determination relies on the slip rates for active
faults'*. Many previous slip-rate estimates of faults in Central
Asia were based on the assumption that offset landforms are
younger than the Last Glacial Maximum (~20kyr ago)®''. In
contrast, here we present surface exposure ages of 40 to 170 kyr,
obtained using cosmogenic nuclide dating, for a series of terraces
near a thrust at the northern margin of the Tibetan Plateau.
Combined with the tectonic offset, the ages imply a long-term
slip rate of only about 0.35mmyr~' for the active thrust, an
order of magnitude lower than rates obtained from the assump-
tion that the terraces formed after the Last Glacial Maximum.
Our data demonstrate that the preservation potential of geo-
morphic features in Central Asia is higher than commonly
assumed.

The ongoing collision between India and Eurasia has caused
widespread Cenozoic deformation resulting in uplift of the Hima-
layas, thf Tibetan Plateau and other mountain ranges in Central
Asia"* ( 1a). The present rate of convergence between India and
Eurasia is of the order of 40-50 mm yr ! (see ref. 13), with only
18 £ 2mmyr  being accommodated by Himalayan thrusts'*. The
remaining 20-30mm yr " of convergence are distributed on qull&
in actively growing mountain ranges farther north. Ideally, slip rates
of active faults are determined by dividing measured tectonic offsets
by well constrained ages for the faulted geomorphic markers, as, for
example, has been achieved along the Kunlun fault", However,
many slip rates in Central Asia have been based on offset geo-
morphic features which were assumed to have formed after the Last
Glacial Maximum (~20 kyr ago)®"". In Central Asia the maximum
advance of glaciers apparently occurred well before 20 kyr ago, so
tectonically offset landforms may in fact be much older'®. This
seems to be the case for the central Altyn Tagh fault at the northern
boundary of the Tibetan Plateau, where inferred ages of faulted
landforms result in a high slip rate of 20-30 mm yr" (ref. 6), while
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Abstract

In order to ascertain the origin of the coalbed gas in the Xinji area, Anhui Province of China, the paper examined the geochemical
features and secondary changes of CH4, C2Hg, CO2 and N; from the coalbed gas. The related gas composition, carbon isotope and
tracer geochemical data are as follows: 0.993 to 1.0 for C/Cy—,, 188.6 to 2993.7 for C,/Cs, <2% for COs, 0.64 to 3.06% for [COy/
(CO»+CH)]100%, —50.7% to —61.3%, for §>C, with the average value of —56.6%, — 15.9% t0 —26.7%a for §°C,, —10.8% to
—25.3%a for °Cy, — 6.0% t0 —39.0% for 5'*Ceo, with the average value of —17.9%a, 30.7% to 43.9%. for A8"*Ce, ¢, and 17.2%a
10 50% for A8"Ceo, ¢, = 1% to +1%a for 8 *Ny,, 1.13 1077 10 3.20 1077 for *He/*He with R/Ra ratios range from 0.08 to 0.23.
The Ro values of the coal range from 0.88% to 0.91%. The trends of the 8'*C, values and 6"*Cn values downward in the
stratigraphic profile are opposite: the former appears [ T loiscribution of
trend. The 6'°C; values have a negative correlation | @) | v ‘;L"fn‘f .
5'*C; values due to its complicated variation. The §
generation, but most of the CO, and heavy hydrocar
methane. The coalbed gas is comprised of second:
heavy-hydrocarbons, and nitrogen (mainly derived :M‘ :
thermogenic methane is 31.5% to 39.9% while tha
faults and erosion in the studied area have created fa
and the formation of the secondary biogenic metha
secondary biogenic gas and a smaller portion of th
© 2006 Elsevier B.V. All rights reserved.
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New Approaches and Markers for Identifying Secondary Biogenic
Coalbed Gas

TAO Mingxin" ", LI Jing', LI Xiaobin" 2, MA Yuzhen', LI Zhongping®, WANG Zuodong?,
GAO Zhongliang', ZHANG Xiaojun® and WANG Yanlong®
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Disaster of Ministry of Education, Beijing Normal University, Beijing 100875, China

2 Key Laboratory of Petroleum Resources Research, Institute of Geology and Geophysics, Chinese
Academy of Sciences, Lanzhou 730000, China

3 Xi'an Branch, China Coal Research Institute, Xi' an 710054, China

Abstract: According to the adsorption-desorption characteristics of coalbed gas and analysis of
various experimental data, this paper proposes that the generation of secondary biogenic gas (SBG)
and its mixing of with the residual thermogenic gas at an early stage inevitably lead to secondary
changes of the thermogenic gas and various geochemical additive effects. Experimental results also
show that the fractionation of the carbon isotope of methane of coal core desorption gas changes very
little: the 6"*C, value of the mixed gas of biogenic and thermogenic gases is between the 6'°C, values of
the two “original” gases, and the value is determined by the carbon isotopic compositions and mixing
proportions of the two “original” methanes. Therefore this paper proposes that the study on the
secondary changes of the thermogenic gas and various additive effects is a new effective way to study
and identify SBG. Herein, a systematic example of research on the coalbed gas (Huainan coalbed gas)
is further conducted, revealing a series of secondary changes and additive effects, the main
characteristics and markers of which are: (1) the contents of CO; and heavy-hydrocarbons decrease
significantly; (2) the content of CHyincreases and the gas becomes drier; (3) the $"C and 6D values of
methane decrease significantly and tend to have biogenetic characteristics; and (4) the values of 6"°C,
and 6"Cco, grow higher. These isotopic values also change with the degradation degrees by microbes
and mixing proportions of the two kinds of gases in different locations. There exists a negative
correlation between the 6"°C; vs 6'*Cco, values. The 46"°Cc, ¢, values obviously become higher. The
distributions of the a5"Cco. ¢, values are within certain limits and show regularity. There exist a
positive correlation between the Nz versus Ar contents, and a negative correlation between the Nz versus
CHy contents, indicating the down forward infiltration of the surface water containing air. These are important
markers of the generation and existence of SBG.

Key words: secondary biogenic gas, thermogenic coalbed gas, ¢
change, mixing effect, differentiating markers

ts and isotopes, secondary

¥

4 3 b &

201445 #®59% ®11M: 970~ 978

y, CIIEFHE) Jedidl

www.scichina.com csb.scichina.com

7 SCIENCE CHINAPRESS

B UG 12 G BERER A IFSE

MY, 2HEY FPE% LR £4"

Fuea”

D AEF I PEAEPE, WA B S PH A S MW S %, L5 100875;

@ P EF-ETE N SILER IR R LT 2 TR BB S L M
* & A. E-mail: mxtao@bnu.edu.cn

2013-03-22 iHl, 20130826 1%7%

730000

F# E AR 4 (41172107), [FI50T L IERETESE 4 N 121 (2002CB211701) #1475 0F 1124 745 91 ¢ T 45 30 00 5290 H (2011-2zy-04) Wi H)y

W HEHETAARSTAFLGRAAATRAERBEHVRAEEHR, REFRT
SHETEHREDRINRARHRE LR, REBHEAHNFFAIR EFFEHENEq
k., ERARERMLETRE, BATNMREEM G RBME SR LR ST, & bk [T

Jein
Kk kR
B

TELAWNELHAR. BREV: KALHABANEARBRBAHER CO,y Pkttt | M

SRERARZAMEDERORE RRAESASTE

AR E COy BARMMERFTTHRAESH COLRFIHMP—ERARAEE M
ZHEHREN CO REEA BTRAAELHAAEESEHR. &ATHANAE AL
BRI MR REDRA L LN FRAR. PRI MEEHY
EFxdas:d, BANARIRALEDAENHLE.

Pl fiL % 77 B¢

VAR T o A o g 3R A T e B KEX

1 Introduction

The genetic types of coalbed gases and their
differentiating markers are important and basic research
areas of the coalbed gas geochemistry. They are also of
great application values to the resource evaluation,
exploration and development of coalbed gas.

In the early stage of research, the genetic types of

* Corresponding author. E-mail: mxtao@bnu.edu.cn

coalbed gases are generally divided into two types:
biogenic gas (bacterial gas) and thermogenic gas
(Rightmire et al., 1984; Rice, 1993).

In a study on coalbed gas in the San Juan Basin, USA,
Scott et al. (1994) found secondary biogenic gas (SBG),
which is derived from bacterial degradation of wet gas, n-
paraffin and other hydrocarbons produced during the coal-
forming process after the coalbeds are uplifted to the
subsurface. In recent years, this kind of coalbed gas has
been found in the Sydney and Bowen basins in Australia
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ABSTRACT- From the new perspective of the d ic isotopic of mmobes and the mixture of secondary
gas and th gas]n Ibeds, this study eval i of mixed coalbed gas in
Enhong. Additionally, hy using isotopes, the study traces the microbial activities and the results of those activities, such as the
methane production of bacteria, and reveals the formation mechanism and genetic types of coalbed gas. The measured §°°C,
values of the coalbed gas samples are from —54.5%0 to —32.0%o. Based on the values of R, and 8'*C,, by calculation, the §°C,
values of thermogenic methane range from —30.6%¢ to —28.1%0 and from —30.7%0 to —28.3%«, respectively. The results ofthe
two calculations are highly i and both are appronnntely 20%0 higher than Ihe measured va]ues. The measured SDCH,
values are from —217%¢ to —196%, being b and mi the 8*CCO, values are
from —30.5%0 to —23.9%, growing heavier with respect to the nng.ml thermogenic gas, the measuud 81C, values are from
—25.7%0 to —22.6%o, and the estimated 3"C, values are from —21.8% to —21.2%c, also indicating growing heavier. The 5°°C,
and §'°C, values are negatively correlated; both the M“CC;—CI and AH'SCCOI—C, values are increasing. All of the above

characteristics indicate that CO, is reduud into mi | genetic methane by ducing bacteria and it mixes with
thermogenic gas, which is new evid g the exi of dary biogenic gas. Via calculati using a variety of data,
such as the values of §°C,, §°C, and R,, it is fo\md that thermogenic methane accounts for approximately 38% to 58% of the

total amount, and micrabial genetic meth for approximately 42% to 62%. The proportion of micro-biogenic

methane reduced from the top down, which occupied more than 50% of that in the coalbed buried within 1000 m deep. It
increased the content of coalbed gas by more than 1 times. Within 1000 m deep, coalbed temperatures are generally lower than
40 “C, which is the most appropriate section for methanogenic bacteria activity and secondary biogenic gas generation. Coalbed
uplift to the shallow parts in the late stage is the basic geological condition for the formation of secondary biogenic gas, which has

significant resource value.

1. INTRODUCTION

Coalbed gas, featuring self-generating and self-storage in a coal
seam, is an unconventional gas. The main component of it is
methane. Against the background of the dwindling conven-
tional oil and gas resources worldwide, coalbed gas is not only a
practical supplementary resource, but it also has major
significance in coal mine disaster reduction and environmental
protection. It has become a global research focus.

Generally, based on theories related to conventional gas,
early scholars believed that the evolution degree of coal had
exceeded the microbial gas generation stage. It was impossible
to generate biogas, and the biogas generated before coal
formation was difficult to retain and escaped. ’l“lxerefore, the gas
in the coalbed was basically thermogenic gas.'

In 1994, Scott et al.? found the spatial distribution of wet gas
and dry gas in the San Juan Basin (United States) coalbed gas.

generation stage, is called secondary biogas (Secondary
Biogenic Gases), which is also known as late stage biogas®
Since then, many such coalbed ining coalbed meth
have been discovered in basins globally, for example, the Polish
Upper Silesian basin® and Lower Silesian basin,” Canada’s Elk
Valley Coal,? Sydney and the Bowen Basin in Australia,”® and
China’s Huainan and Liyazhuang et al. coalfield area” !
Although there are some reports of secondary biogenic gas
(SBG), there are still different understandings of how it
develops. There are two reasons for these differences: the first
reason is the influence of traditional theory, which doubts that
coalbed gas in the evolution stage can still generate biogenic
gas; the second reason is that the general method of identifying
genetic types of natural gas uses the carbon isotopes of
p such as h but the carbon isotopic
positions of coalbed methane (CBM) and CO, usually

According to the features of the isotopic posi of
dissolved inorganic carbon in the cna]hed water, Scott et al.
found that the dry gas was formed by ganisms when

coal was uplified to the near surface’ The coalbed gas,
produced after the coalbed enters the thermal evolution gas

v ACS Publications ~ © 2015 American Chemical Saciety

ber 16, 2014
Revised:  February 21, 2015
Published: March 3, 2015

DO 10.1021/e5025659
Energy Fuels 2015, 29, 2134-2142

108 HeH
2008 4F 12 B

RBSERHT
NATURAL GAS GEOSCIENCE Dec. 2008

Vel.19 No. 6

PR

PIZRHITY BB R R
KRR TR I 5Tk

FEAE AR
QL ALFEIR AR PR GES R R AT LT 100875
2. IR R I 3 Bk FE B TR SO RRAL S8 S H 2 730000 ¢
3. BEECRL R ST BT TR BEVE P4 710054)

T AR T R 073 AL ST O R I SRR RO LR SR R AR I T
AR PR R AR B AR A R R R R S R A R R bR R A e

FA TR E R R TR .

S SR SRR R U 2B TR
R 1672-19)

FESHE TEI22.1 SRR A

PEAUEHEE P B kAR LU S A
& FERT IR FNT 20 tHAD so ARG
R MR & LA RS — R )i
ATAHUHM T FF i B 0305 P hE I Wb T3
i AL DR A TR AEARY . T
FEPECMR SR A o 7 S AR K 2 S
KA AP AR RS B o
BT AR RS TR AN EL . B MBS
RRIAE 5 4 BTV I0F) BT 0T Wk TN ER B (149
3 7T SRR S o Bl AR AL SR B R
TSR BESHHRSHEZRE
A3 AT A R A R R AT,

[ BT 2002 435057 T [ 5 8 2 AL RS B
FEIBHINME ("9737) "o 6 MR SRR 2 4
AP RAERARI AT %00 E BT 5 — i SRR
B i ife . B R s (R
2002CB211701) » Gl 6 HAIRF 9 LAF IR
FE T T K ‘073 "I H iR 45 5 e E Al
RIS . BU SRR SR A R

1 RS HERIL 24 RIS
BRSO PR AL T RSB
BB E 1 2008-11-07 - K] B 2008 11-17.

B B EF R AR T H (77 200208211701 T

Eﬁ%ﬁkﬂhﬁ!{t

WAL (CHe WN2»
T A 53 AR
PR AT Ar
B EIET 10
ZRIRE (B EMAR
co MRS .
B,
RasER (L HA
LEMEE RO
CHs HIREFEIREFE o
B e MLl
* AR E
FUBERO RSt
98 ARG LIER
AT ZY
stk b 37
B . B R
PRESH YO p
A GELRK . W

%0 B e
| BEAEB 3 AN

BHNHRRENHERE AR




o35 il (FENXIHUAXUE) WF5edRis #5108
20074F 10 Chinese Joumal of Analytical Chem istry 14551458

SRR - R AL PO A RIE
WERTCH R IFI AL

e EEE T AR EER ORI ke
V(PSR SRR A | SCRMLF A%, = 730000)
LR A RIS, AT Ve SR AR , LR 100875)

M OB O NaHCOMEI T HMES BN 0 2401 19,2 38F1 4 76 mmol/L MIIERF I (DLW £EiT
Lhe 4he ShAN 240AN NS 7 @B () RSy T — AP AR AT DB IE £ AT 3k . AR EERY DI AR S AR
NaHCO; ) 8" CILZ M AZE A (0 20 5) Yor IR L1 SL00 45 SN 250 CO,MIBE IR £ 22 Wit &5
BT AW M7 RO AT R0 G St P P AU PR B T 3 L R SRR A R AR b <

KA R ICHUR BRI R ALR ST i AR R M

=
=

FELK ki B K — A& A AT MU (disolved inorganic carbon, D) . H E L Heo;
€O} €O, ORI H,00s FIFTE « D T BT AN B R b= 2 19 HLE g T2k co,
TR R VERT o e TRRIG AL BT HAT A HbHRAE 7 /R B AE 1, D AR B A DU 2 310
ERBIORE A T AT LA T R S AU IS R AU R A B L g DRI A% ) b R
AR o DT WYBRIEr 20t AR 2 Uk A B LB I — 0 W3 i A2 326 3 77

A% D LB L A5 B A BRI o T B R A AR A 1 2 R
Fith#% o Bishop  FEMCHELATE TARM BERY L4 T —FpbRae i sk A 9 0T AP RS A A9 D ot
[ o HE 77 BASE HITF R S BRIMRE A i o TER TR IERRMEREREE T S D LIRS H H.
BRI R MR -

T ER T T B AR AR SO T B PO, IR A6 BE ) B9 TR £8 B 8 I A A Ak e
P O R R (BRI MR I < d0 15 %) (HERMETRME L 2% . Pl A RIIFR EN
Frkd Dol Z AR AT IS ¥ (Finican GaBench) MERLEESE A7 MU th et (U408
friteeds HATSel R0 ER D . BT LRI ASLIIFhEm D oRla) (Wit y i A fihh s
BB A AT RARTGEE G AU TS 3 AT T (s B AR AT TSR B BT A Ktk o A7 8
TSN TSR D o RRS AT LA AT AR D ol 7 2008 i A FAL 22 A0 o

2 SRR

21 AU

HP6390 AL O AgilentZA ] ) ; C-2000M (3% H: (30m >20 pm i d X0 53 mm,
BB M- EPRREE AT ) AR AR 80 CORM 15 mL /mm FEFIJES) 68 8 kPa;
RMS>4 Fmnigan DeltaPlus XPEUE [ Y O51H Themo FisherZnl ) HITF K5 (EDE T .11
THERL 70 ev. ARVCSEIERE T KAWERAT LA < 20 15% SRAEEE poBAR#E I &° cffiderR b5t
AR

& =[—“iuR"—’h} X1000 (%) (R <*CF0) Y

2006-12-14 40K : 2007-06-11 123
ALREMRE oT3EMH (No 2002821170 )FE BT AT H (No 307007) %8y

* Email mxto@ies cn




fhesyN: B Ay (B 8) thre WX hd) %
2, BHFIQGQRMK, —ANMhE—ANLEG
X, —E— @ ENEK/







% RIE

N 5 TAEM RIS RE E 5 LB,
AR, HRAER. BE AT
PR, BREFFRANRERBMIEK,
A, EBZIMFEFAVIGE, ~FE SR,

b A=

BRSO T — 25T, HRTEEENA

HiH— R

—RBth, H=

Bix S Hile
H20ETL !

2018, 11, 15









