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Characterization of Pore Structures in a Volcanic Rock
from Permeability Measurements

Yuhta SHimizu* and Tohru WATANABE®*

We propose a new method for estimating pore structures of volcanic rocks.
magma controls the escape of gas, and greatly affects the style of eruption.
magma must play a key role in controlling the permeability. However, the mechanism of their interconnection
has been poorly understood.

Permeability of ascending
The interconnection of bubbles in

In order to understand it, we must have a good understanding of pore structures in

volcanic rocks. A volcanic rock has a wide variety of pores in size and shape. The conventional equivalent
channel model is not useful for estimating pore structures from permeability. We thus have made a new
permeability model for volcanic rocks. Each tube

The two radii, the length fraction of narrow tube and the

Our model is composed of a bundle of parallel identical tubes.
is made of serial two circular tubes with different radii.
separation of tubes are parameters of characterizing pore geometry. Tube radii can be estimated through
microstructural observation, and other two geometrical parameters can be constrained from measured permeabil-
ity and porosity. We applied this method to rock samples from Mt. Yakedake, and found that the permeability

Kl 55 53 % (2008)

is mainly determined by narrow parts, the length fraction of which is less than 0.1.
left in the estimation, we can obtain a reasonable structural image.

Although uncertainties are
Electrical conductivity and other physical

properties can provide us with additional information to constrain geometrical parameters.
Key words: permeability, pore structure, bubble, escape of gas
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Fig. 1. The relationship between permeability and poro-

sity reported in previous studies. Eichelberger et
al. (1986) measured the permeability of Obsidian
Dome and related rhyolite samples (solid circles).
Measurements of Klug and Cashman (1996) were
made on pumice, tuff, blast dacite, and submarine
material (open circles). Saar and Manga (1999)
measured the permeability of basaltic andestite
flows and cinder cones in the Oregon Cascades
(triangles). An empirical power-law relationship
proposed by Klug and Cashman (1996) is also
shown.
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(a) Circular Tube

(b) Rectangular Tube
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Fig. 2. Simple geometrical models of a permeable medium.

model. (c) Elliptical tube model.
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T5 (f=1/>oc=1). €7 va 430 kliss
FHTIBH 9 25801, AL L 7o ZEpae, sz o
[, EHEOREEEET 5.
EFINVTHOTVWEDE, fWFa—T70FErEBL
Uz 0RES0EIGx, FRILE F2a—TRIEA L0 4
D52 =5Thb, HIEICK-> TRBEF Lk &ZERE
dEOSNIETE, RID—HTHEERELTET
Woe N5 2 =5 2 2 HIcHIRT i, K 26), (27) 2

5, Fa—T7DHRE

8k

ro= 7 (28)
B X OTERR
o= Y 8¢7rk 9

H—EITRD BT ENTED, INDBEMEF v RV E
FNDEZFTHS. LrL, KSOZEAH BHER,
EFN e NS A= DRIT4THY, RIBEREERRLE
WIHALTS 2 D OIEHRB ML 155,

R ORI D &, 1B ERE & 3 par s E R
285 EAEZ XD, 2UOtE LD ©, Mo
Fa—TORSOEEx PHEELTVWSEF 2 — 70O/
b A ZHEEST S EBEELL. Larl, fluFa—70
R r BRI B 1, BV A XD OHEET BT ENT
XBEHS. TD2ODNT A — 5 AR 5155
ZEMTENE, HVF - TOEIDEEx BLO
Fa—7OMIE A %, REREBXOERE» KD B C
Emcxs, KX (26)~(29) » 5

r Ax+FA-01[1+ (B~ Dx]

o 5 <o
4 xtF 0011+ - Dx h
2o )

Th, REIDW—EBF 2 — T DOFE re B L ORIE Ao
HIRBRBLUOERENGRE Z2ETH 5. K (30) »
5, fllLF a—TOESHEHEx @ROLSICEKEINS.

(i) r<roOLH

B—{B’—44C
x=—— (32)
24
(ii) r>rD5E
_ B—{B’~44C B+ B’—44C 3
x 24 ’ 24 (33)

72ri L,
A4=0+pH1-p)?
B=(1-)10—B—5Y
C=p@Er—1

t=—
ro

TH 5. MHMBE» OHE LMV T 2 — 7T OFEr
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L, REBRBIOERRPLEONDE —FEF2—T7D b,

HERrDLE LT, NS A=Y t=r/rePRE D, DY FERRITIE, BEATE /NS A= I L Tx BLU L %
T A =5t BROMBEIZE D OHETE LR 20 5, BOBE L TCHAELCx Bt BIXPA Bt I1T T 5
X (32), (33) DEARERVTHVF = — 7DESE|Ex LAERY L (Fig. 5), THERHWTEIR YT * — 4 O
ZHETE S, VLT 2 — TOESEIS x MikE NI, EZTHONENTH B, 72— MR R, BHBEERE
K@D AHOTRHIBEA bFRLE OB E L TRy S L OZEREp SRE B —FE1EF 2 — 7 DORIBE 1o THE

NPFD-1 NPFD-6
(=8, p=19) (t=1. 2 B=2 )
= -

-
o
o

-

\
’

e

w
’
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107

Fraction of narrow tube, x
—
o
N

1]
-
o

(6)]

Normalized tube separation, /4

10’
Radius ratio, S

Fig. 5. (a) The relation between the length fraction of narrow tube x and the radius ratio 3 for various ¢ (x—3-t
diagram). The parameter ¢ denotes the ratio of the measured radius » to the uniform radius ry. Circles
indicate estimated values of x for samples NPFD-1 and NPFD-6. (b) The relation between the tube
separation A and the radius ratio 8 for various ¢ (1-8-¢ diagram). The tube separation is normalized by the
separation 1, calculated for the uniform radius tube model. Circles indicate estimated values of A/A, for
samples NPFD-1 and NPFD-6.
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Table 1. Density, porosity and permeability of rock
samples.
Sample  Density (g/cm3) Porosity Permeability (m?)
NPFD-1  2.07+0.01 0.22+0.01  (3.0£0.2)x10™"°
NPFD-6  2.02+0.01 0.23:0.01  (3.0£0.5)x10™"
fELTWw3. flhFa—7OESESEx BLUMEA &

ERRIL S OB AERHICE LD TB T D,

(i) r<r (t<1) DEH
HAHMOF 2 —TORRr LT, fllVWF2—TD

ESOE|E x R ORI Licos-> THENL,
Kz & >obZufic¥oicii-o< (Fig. 5 (a)). #l

WF 2 —T7DEGx BEoITESL EE, Fa—TDK
E—RRICE D, ZO¥RErEb, Fa—70R
b 21, R B ORDITRE - T 20tcii o <.
(il) r>r @¢>1) OBE

K (33) TEENB2ODT IV FNbHb. —HIE
WERANIBEAEEEDEF 2 —T L85, ZOBS

MbRlRAS CERILR &&bicingds. &5—Hi
MOEANREEAEELEDBEF 2 —T L5, ZOEES

1, OIS OERTIRE BT —TEORREE & 5.
KD+t 7 ¥ a T}, TITEALTEEERD KL

HakHcEA S 5.

4. KILEBEAOISH
+1 BH
BEE (R, BERELD 0BT 5 R

B o5 a2 L, MK (B 25mm, £ 30
mm) (L CEBRITERE & L. TokRI

RO PRI O BERIAS N — A DOFEIC & - TE
Uce&Zz onTwd (K, 2002). EHARED AT
RO ZERRHE A Table 110/Rd, ZERRRIG AN I EE L
BB D SR 7o, EEEE I, SR RO E R &K
Eh ok, BEROBEER, KOA-7zx 2V Y
v E— TR E AN O KBRS SRk 1o, B
FEi32 >0FKE & b 2.6410.04g/cm’® TH - 12,
HEOE LR E Fig. 6 lIORd. 2o KoM
EZFpF— (B THOAALLZGDTHD. %R
DBHED 12, ERIC3HF ORI cED LcilE (<t
oEF U 154) EFHLTVE, EOEAICHIARSR
T30% A AHENE TN TV S, BRI, (AR
rnc Wi, A, BER, AA, ATH 5.
EBEEARZ VW EpHEL TV D, BiROY A X
FREVSOT IS5 mm FEEIET 5. ZERIGEKKRD &
DL, FNRASIERE L bOBIEEAETH B,

Fig. 6. Porphyritic texture of samples from Mt.Yake-
dake: (a) NPFD-1 and (b) NPFD-6. The length
of a scale bar is 2mm. Pores are colored blue with

dyed-resin. Images are captured with a transparent-

light image scanner. Abbreviations are Pl, plagio-
clase; Bt, biotite; Hb, hornblende; Qz, quartz.

42 BRERAE
RBROPEITEFREARH Lic, ThIdEREIR
BT ORE L EIZEDBIERIGR» O iZEF 2 KD 5 D
TH B, MIFE Y RT LORE%E Fig. 710Rd. aUERETH
oV vy, WREMIER ) 3 v« o4 (E#fbELT
¥ KE45T) TENZENvy— Ltz £z, BB 7+
7)) 2Rk EBIHEF 2 — 7 (FEP) T - 72, [HBRFRE
ELTRERTZEHV, ES+& v % — (Keyence, AP-
43) 12 & 0 [BRFRIAE O RKUED 6 DR ZEZHIE L 72,
%ﬂ%L@Ltﬁx&ﬁ%ﬁﬁuﬁé,E@Ltmwé

AT RFECHRIE L 72,

T2 DFRERIKOEREDORRIZ b SHEE L 7. &k
NEB & BRSNS T lE, HRADENREIL 20T, K

DO Q) #Z D F RO A 2 DR (Q) &A1
FoliFTcEnw, MHNOA RO %E, ks
BEFIDNY (Phgp BE U Py,) TEEIRA S L,

Prigh T Piow
( high P >Q P’
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Rachet Clamp

Q @ Pressure Transducer N Bottle

] (—
Pressure Transducer Q
(Keyence, AP-43) 7~

Sample

NN Z

> (Keyence, AP-43)
7 —%ﬂ

e

End Piece

Permeability Cell

Electronic Balance

] A b

Water Reservoir Stainless Steel

Fig. 7. A schematic of permeability measurement system.

LEZDBIEMTES, ThITESWTH RDREREE
E L 7.

HE I3 EH 20°C) WHEDLRMUTIT» /e, ENAEEE
Z CIREMEE 5 B2 ETV, & 7 E o btk
B SiRERERD I, A LICERT 2 OES K
200kPa TH 5. T DL HILKHHERTE DL TIR
SURDFEER I ITRAE LI w (B2 1E, Wannier,
1966). HEICH T B2EHA 2 DKL (10 %Pa-s) 1&
HECHRE T ORI E L TIRD X 512 E N3 (Cole and
Wakeham, 1985).

n=3.7+0.047T

Lo C, BE20TCITB 2ERT X OMMERIT 1.8
X10 °Pa-s TH 5. IREH 5°C 2L L 12354 OkERZE
LIz 1%Th 5
HEYRTFLDF = v 7 DI, ABS BHEAME (B
25mm, £ & 30mm) IZZ2F v L 2% (NE0.1mm) ZH
WiAATE T Z b EE (RBROMHERE: 5.0X10 ¥m?) D
RBFRAEEIT - 7. MAIETIZ1F 10-100kPa TH
%, LA 2 VREIZ 10-100 DA — ¥ —TH b, T4k
EEBZBIEMTE S, BoniRBERE (5.5£0.5) X
10°"m?> ThH D, A2 10% CTHERMME —FH L. BER
I&Lfﬁ%&ﬁﬁ%&@ﬁ%%%mb®iboé’t
lﬁ% RBRDOA — 5 — 2w 5 L3 TTThE
. BIgErc Mmfééﬁéamm~mng%x

Ujkﬁrﬁﬁﬂwwm@@@b,p@/ZTATm
TJREISIRBROHFIPHIE 10 ~10 “m> TH %

BEEEEL DB % Table 1 1273, ZERFEIZ 25D
AT IR LD - 723, 2B H U NPFD-6 233k}

NPFD-1 &0 & 2 iV EZ/R L7z, CHIFRGBENH
ICZEBIRIZ T TRE 2D TRV &, EIBROFER
SRS OIRSARRIR TH B T EaDH 51 TRE
LTW53.

43 EROFEIK/S X —5 OHETE

BV, RS2 EEBEZAIGEDF 2 — 7 &
BLUMRE A ERD S, €7 v a v 232 THmlLidd
1z, X (28), (29) DZERIR @ % fpo/T TEEZIRA 5. Hf
ZERRER & ZERRR O L CERERE y 0EFR T 5. T DB,

Gen =7
E9 5L, EREERE

S _fr

T T

THEEMZ L EICB D FFRERE =1, HHo5n
fiakd 7779 —7=1/3 BliE=1ERKELT
F 2 — T DA ro B X UHFRE 10 23K D 72 (Table 2). K
I —EEEAIES, FRo6FiFoumDF 2 —
T4 7213 40um THATVE EVH A £ =Y
MHESNE. HIEEBROS AR (Fig. 6) I L T,
bEDICHIFHENTDH 5.

HIEE y B L OO HERT 7 7 2 ¥ — f il
Fold, WInbifilfze52 2008 L WETH 505,
INSDEALITE > TEDREE 1o 20 ICEALWHEL B
MAEFHELTHE T 5. X (28), (29) &0,

[ T ) 8k T 87Tk
ro—
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Table 2. Estimated geometrical parameters of rock samples.

Estimation Estimation Estimation
Sample from permeability from structural observation by model
ro (um) Ao (um) r(um) «=rr) Rum) BGERM|  x A (um)
NPFD-1 0.6 4.1 5 8 93 19 0.25 400
0.8 320
NPFD-6 | 5.7 37 7 1.2 170 24 2.5x10% 1200
1 40

ThH b, WL y BEKIHEDD 5571255, 155,
0.1<7<1

LEZD., EROFADOHGERS 7 77 5 —fBLT
B c1d, 77275 -2B8ZbD 55155, $5b5L,

1 2
—<f<—, 1<t<
S <f<5 1=t<2

EEZDL, TDEE,

ii<1zo

fr
THB05, FUDIRE LGS (¢/fr=3) KT
rol3 0.7~6 1%, 2013 0.5~40 fEDIRTELL 5 B &0
5. LipL, 9 A =2 ORMENSEZEFELTH, K&
—EDF 2 —7 « EF NS IFFEREH0.01-10um A —
F—=DF 2 —7EVHIEBERBA A =Y LELNG
W, ZERRBERZ SO KA IS L TE, RO
F v XN e BEFNEBRICEZTDBBBEBLDOTH 5.
KEWENT BT+ RIVDEFNVEEZD. xB-tH
K A-B-t 4T 75 L (Fig. 5) »onnbLHic, Ml
WF 2 —7OEIEEx PR &V ZEROIZR <
T A=F1E, ro DHEEMEICHKFE L TEB D, rodZAL
ICk > THEEBEICA - —DZAtHEL S 5. Lizhi-
T, BRUZELEL S EMOREN S £ 7, tIchlfZ5G A
23 J:yjs‘tﬁi LL\ 2D & S BEATEEME i;g B0, EOD Fig. 8. Photomicrographs of samples from Mt. Yake-
E3EA s UHROREODARTALS. RTUR o N s e ot
%grﬂ’ﬁm@ﬁﬁ%§¢777y_fqm HHE s 100 micron. (o) NPFD-6. The length of a
=12 EL TEALOL, MiEEEZLS €550 white bar is 100 micron.
ﬁm@“®wEkOMTTN5 HHEE IR E 35D/ 8T
FI>ITRTo/fy EVSIETHEEMICEE Z KT L T

W5 DT, FEBITO W T OHGR LEFERL y DA IR - 72, BEobDThs, WEARDY A XTH S 20~30mm
7 vav33 TRk, W OMBEREY, CET S LD BEROEER, C OREE (0.08mm) T
O, flVF 2 — 7Ky, KOWFa—T0l0Fa—7 uzki%ﬁmumbbnmm TS IC X s
WS BRI B ZHEET . HKEHER O 2 F v 7 —B  (Fig. 8) THMERK R r — v coZERo IR S h
% (Fig. 6) 2 1la &, RARESDW Imm @A 5L51 W, SAE S LAER LTV B & S By NER RN
RELBZERE WL Shd 50, EROKESHE0Imm  DZERTH - 72 (Fig. 8). T DX 5 HM/NERIZ L - T
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I NEA S, KUElE 3T R v b U — 7 22K

LTOEOTRBONEEL D, TOfPFICESE, B
MEREE TR O N A MUNEREMVF 2 -7, X+ ¢
F—HBICRE SN B BN RELBZERERVF 2 — 7 &
AL, ThoDREERDI (Table 2). KWF 2—7
DOHER OEEME L TR, 2F v+ —EHBICHON S
ZEBR DM R DRI 2 W e,

BENI2o05 4 =%, fIlVF 2 —TOESES
XBLUOF2—TOMEA R, xB-tBELFA1-B-1 54
7 75 & (Fig. 5) % H O CTHETE L 72 (Table 2). &R
NPFD-1 [Z oW CHFEE y=1 L LTEZ B L, =8, B
=195, x £ L7T025L08D2>D(EAE % (Fig.
5 (a)). BIEINICAOMBEEA 2 EBIENSEE
SOVHEEO, EEEE y=0142EF2 5 & r 336, 113K
1/3E7->Tx ELTC00RREOHEEZEINITLIV
EILKD VEOSDDFa2a—-—T7OESF10mm DA —
F=ThHoH050, MOEIOEZIE01mm DA — 45 —
THD, HhatfkE bFELLV,

K NPFD-6 IO W THEAERE =1 L L TEA B &, ¢
=12, B=24m5, x ELT25X10°& 1 D2 H>DfE%
B5. BRSNS OME» O x=1 JIERFENTH D,
25X10 3 EMEEZOND. OEDDF 2a—TODR
EMI0mMm DA =5 —ThbEEZLDLE, FVIDD
ESR10um A -4 —Th 5. THIIFAMBEELEICE
SNBEWNEREE LA -5 —Th 5. HEEE y=050D
BAZ re DI 1A L5IS8 505, x OfEIcAt — 5 —TOE
fbidz v, EEE 2 NS FTE x NS E0, E
BOESLLTHTIZay « =5 —%2EZ25013H
FOHEN TR WE A S, &K NPFD-6 (3, &k}
NPFD-1 & 3135 L WZERHE A & 508, @A KE»
EEZOLNS,

KEOETEF v+ 2 VOEFNE, HOF2—TD
KR r LZOESEISE X, K0Fa—T0EEE 2L
TFa—7OFHEBRAIEVI4DDNF A =5
LoTHBahs HBEKICE->-TrBLUBEK
D, x Bt BLF ALt 54T 75 4L (Fig. 5) VT x
BXOAAMEELL. Bonix BLOA FRE MR
BRETFFELLV, ERICRONZZERO S B, #HNE
BREEIWT L7z um H 4 XD b D IIRBREIKED T —Hi
BELV. bhbho®Fvid, FEHOEHSZER %
KEDEL D 2EDF 2 — 7 TR L IERICHMRL b
DTHDBH, EliF v e EFADLLDA A — Vil
NCHREA A=V EFZTINE, N5 A =-5%2KD
AL 72T, BB L 7o &k 9 ICEREEE y R 5RO 0%
#ZI 7775 —f BIE IOV TERUREREMTES
EHIESZ 2B H D, T, HIOF 2 — TOFE

IZOWVTH X BEYHFHESLETH A 5. ARl EE
FEEIE ARG T 2 — 7 ORI L 728, fHAkE
KTHONE 0RO I —Hic>wTofE#RI T T
b5, KBEAFELERA v E— 5~ ZAE (Scott and
Barker, 2003) 75 £ & 0, ABEEKICOVTHOWF 2 —
T OERAEFMT HONEFE LW, DX ICE BH]
EF— s OEMICk > T, EROFIK S 2 =5 2D
ATV TEMERBELRESHNTHLEEZLL. b
nbhohiki< 7 ~< o LR LR (12
1, Takeuchi et al, 2005) IZ@EH L TOWIFE, <7 <
TOXKIADEE >V TERNFHEAE SN b EF
Z5.

44 SEDERICHIFBHEDEE

KEOENT2F v+ 2 VOEFNEBHALCELNL
ZERFEE IS VT DA X — D3, HEARE 75 (0.1
mm Pl ) EEE L3kt b =27 D5 L, —
B (1-100pum # — =) F TV E VI D TH B,
EE S OHEE S ERKIL 20%FEE TH 545, HELE OE
OWISERIBRD 2O EAZE L EZEZ NS, BB
AR L P iRIBROHRE (Fig. 1) 16, [ CERRTRIS
FEHRECEL 00D, BFEEOENERML T
WBEEZ B,

ZF v F — W (Fig. 6) £ 15 &, IR E 3508
BB ETL T D T &2 0, BRI KIEDORIERD
8, $20EMNE L KEELoGKOBE LT
KUAOERE AT 2 C EpfefishTcuwd (i«
K, 2004). 2 2D R F v F —WRE KT 5 &, AR
D& Wik NPFD-1 (Fig. 6 (a)) @ /5 235l f} NPFD-6
(Fig. 6 (b)) ITLLRT, D EDVDESDHFD Y 4 X3
RKEVWHAKBEEZ/NSVWESICRZ S, Thid, @K
NPFD-1 O B0 RRAEINNS W &, b5
SUEEE DGO DIsin - 1c T EE2FEKT 5. CokHi
BESEAHAR D& W ALEAEE OIE W, 98 BIRBHRDE
WKHN IO TRV A D D, ERNFEE 4% O
L4 5.,

RN & ARUEOLTE b £ R odiiicE 54 5 &
EZ 5N TWVWAD (Okumura et al., 2006), HIEZRHZ I
FREDHMOMOERTZERIER S, FHRHEE
OB OITOERSTH - 72, & 5 W IRKRIADOEIEH
EEEICEI SN EEZEIL NS, Lt ->T, 4HE0
AEHT B 2 ZERROE S IC L TlE, BFEoF5 /M
WwWeEZIoND.

5 F & &
AR TIE, <7< hOSJEa0EE 7 o+ 2 2R3
DL LT, RBRAEIC XD KIEEREEDE
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BL2HIE L. PERBRAS N CE i —kEs &>
Fa—7 <« EFTNVRDLY, KSOENTEF v+ KL -
EFNVAERZE LI, IhE, KIETROZERA > 248
MErsiamME R v b7 — 7 ANATIS F 2 — TRRICHR LT
55DTH5H. OVEODDF 2 —TIFHEROFEILE250D
Fa—T70EELLbDEER B, EREER, MO
Fa—TOYRr BLOZOESEHEXx, KOWF2—7
DHAER, F2a—T7ORMEA D4 D2DR T A =5 T
BHSFons Fa—T7ORIEEHF LTS
W, RIBREB L ORGSR 5 £ — 5 2K
BT EFTERVD, HMBEEIMHAGDE S I EICK
D, AR Z A =5 DHEENTFIRET H 5. FEEDOZERIE
BEICHARTIFFICHB 7V TlEH 578, BBIECE

B 27EROARISA A -V %155 :ﬁ@f%ét%
2B, 1L, BT X — 5 2P0 AL 0

%ﬁhﬁﬁm&%®%ﬁﬂmmb,wﬁ®ﬁﬁﬁ@ ﬁ
[Fl D53, JEHIE S STkl e 52 2 BN H 5.

it B

BILKFEHFE O ARRY, KE A K Ko%
Kicid, BEEREoy v 7Y v, BEEEEEERETE
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