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Data Report for quantitative analysis of mineral composition using powdered

X-ray diffraction method and RockJock program

Wataru Tanikawa'™ and Osamu Tadai?

Powered X-ray diffraction analysis is a fundamental method to quantitative analysis of mineral composition in
sediments and rocks. RockJock program, which was developed by Eberl (2003) in USGS, is distributed free of charge, and
is based on the Solver function in Microsoft Excel. More than 90 minerals can be determined to quantitative mineralogical
composition, therefore, most of sediments and rocks retrieved by deep ocean drilling programs can be applied. It is quite
easy to use the RockJock software, whereas the accuracy and the problems was not investigated enough. In addition,
an approach to treat the small amount of samples and a method to evaluate amorphous bearing materials are not well
established. Therefore, we report these concerns involved in RockJock programs using sediment core samples from D/V
Chikyu Expedition and standard pure materials. Our results show that we can use RockJock program for small amounts of
samples and amorphous bearing materials. Our results suggest that it is necessary to select the suitable condition according
to the minerals composed in samples to improve the solution. We can recycle standardless XRD data measured on board

D/V Chikyu for the quantitative RockJock analysis.
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Fig. 1. (a) X-ray powder diffractogram of sample holders and the
effect of knife edge on XRD spectrums. (b) The difference of
diffractogram between glass holder and reflection free plate, and the
spectrum of glass sample (Glass from White River tephra) in RockJock
database.
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Mineral composition of samples calculated by RockJock program at various stirring conditions using different Al,O3 as a standard material.

All samples are produced by mixing quartz with Al O3 at a rate of 4:1. Mixing methods A to C are explained in the manuscript.
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method (%) (%) (%) (%)
1 A Pure Al,O3 20.5 1.3 74.1 53
2 B Pure Al,O3 20.1 1.0 74.5 54
3 C Pure Al,O3 21.2 0.7 72.4 6.3
4 A Industrial Al,O3 16.9 1.3 78.1 49
5 C Industrial Al,O3 12.9 43 81.3 5.7
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(a) Powder XRD spectrums of standard samples. (b) Close up of the measured XRD spectrum of hydrothermal deposits in Okinawa Trough,

Japan (Expedition908). Comparison of measured and calcurated XRD spectrums of (c) EXP908-C9023D-1X-2, and (d) EXP908-C9023D-2H-3. St:
internal standard material, Pyr: pyrrhotite, Py: pyrite, and Ch: chalcopyrite.

2.
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62

(a) WEEREYIE (BRAL7 VI =7 4), ¥, BIOALVTA bOEF/F — .
(c) EXP908-C9023D-1X-2if} & (d) EXP908-C9023D-2H-3 il Bt D[4/ ¥ & — > & RockJock AT IS & 0 #fE5E L 7z [ #7788 —

(b) 42°~ 45°8 X 1'55°~ 58° DA O MABEUK LR 7 7 3k (45
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TIORES Ay ¥ — FT & A5 5 — B L AT
OFREFNZITIZ—FK L7z (Table3). & 512, WERIZHEY 'Y
%ﬁ%btﬁﬂ@x&/7~bvxﬁﬁfi B AR e

WEITFEFRETH 2 20% b 2R L7z, HAR
FHEE Y — O EFEEITE <, WK OEAA

VR Z R L7z

3.3 H T Z D wk

BT AEREOREGHREZ AT, Emaohr L7z R
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Table 2. Mineral composition of core samples from Expedition 908, determined by RockJock program.

#2. RockJock SEHTIZ X 2 SEWIALAL (55 908 URAL UKL
. Depth Density Reference peak . . . . . Kaolinite Chlorite Vermiculite | Total Full pattern
Core-Section N Pyrite Anhydrite Sphalerite Chalcopyrite Pyrrhotite |
(mbsf) (g/cm”) (26) (disordered) (CCa-2)  (Kent) (%) degree of fit
43.5 2.9 7.2 31.0 4.8 0.7 8.6 35 0.2 58.7 0.157
C9023D-1X-2 0.195 3.41
57.5 - - - - - - - - - 0.656
43.5 8.6 43.6 3.6 3.7 0.0 11.9 52 6.7 83.4 0.185
C9023D-2H-3 11.55 3.42
57.5 6.4 40.6 4.1 33 0.0 11.0 5.1 6.0 76.4 0.189

Table 3.

Mineral composition of sedimentary rocks at Tsumajiro area in Tosashimizu city. *The total amounts of the minerals in standardless analysis

with internal standard material are normalized to 100% after subtraction of the relative proportion of Al,Os composition.

3. RockJock 12
THAHARIL ORI % 1009405 L 72 TH 5

£ B AT NE XL OMERR S OFHIS L. * MIRERERENRIIEE O 2 & > 57— F L AR IZALO; O HEZE LTIV

Full pattern Kspar Kspar:  Plagioclase: Plagioclase:
Sample Method Quartz (intermediate Calcite Dolomite Pyroxene Kaolinite Illite Chlorite | TOTAL | Al,O3*
degree of fit: microcline)  orthoclase albite anorthite
Underwater Standard 0.235 59.6 15.6 4.0 17.0 0.0 0.3 0.2 0.6 7.0 1.3 0.2 105.8
stone pillar at
. Standardless 0.208 57.1 12.2 4.1 15.7 0.6 0.2 0.2 0.4 6.4 22 0.9 100.0
Tsumajiro
Beach Standardless, w/Al,O3 0.235 56.4 14.9 39 16.0 0.0 0.3 0.2 0.2 6.7 1.2 0.1 100.0 19.1
Underwater Standard 0.188 55.0 8.7 0.0 27.1 0.6 0.2 0.0 0.2 0.6 9.8 5.7 107.9
conglomerate
. Standardless 0.187 50.7 7.4 1.3 254 0.0 0.0 0.2 0.1 0.6 10.8 3.6 100.0
at Tsumajiro
Beach Standardless, w/Al,O3 0.188 514 7.4 12 25.1 0.0 0.0 0.0 0.0 0.0 9.3 5.5 100.0 18.9
Standard 0.193 523 10.9 5.1 17.7 1.7 0.2 0.2 0.2 7.8 1.9 2.0 100.0
Tatsukushi Fm-
sandstone: Standardless 0.190 54.4 8.8 3.4 18.2 1.0 0.1 0.0 0.0 7.0 6.9 0.2 100.0
weathered
Standardless, w/Al,O3 0.193 522 10.8 5.0 17.6 1.8 0.2 0.2 0.1 7.7 2.1 22 100.0 20.0
Standard 0.207 522 14.0 6.4 15.8 0.4 0.2 29 0.1 6.7 25 1.4 102.5
Tatsukushi Fm-
sandstone: Standardless 0.191 51.5 9.4 9.0 14.2 0.8 0.2 3.1 0.3 5.1 3.8 2.6 100.0
flesh
Standardless, w/Al,O3 0.207 50.9 13.7 6.2 15.4 0.4 0.2 2.8 0.1 6.5 23 1.4 100.0 19.6
Standard 0.183 33.9 0.0 0.0 15.2 33 0.0 0.0 2.0 0.0 12.8 9.9 77.1
Kurusuno Fm-
hal Standardless 0.177 47.5 0.0 0.0 19.2 0.0 0.0 0.0 1.8 0.0 177 139 100.0
shale
Standardless, w/Al,O3 0.183 44.3 0.0 0.0 20.0 33 0.0 0.0 2.8 0.0 16.6 129 100.0 24.7
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Fig. 3. Result of RockJock analysis for mixed powdered glass sample
with Quartz. Normalized glass contents are plotted in the same figure.

3. T A EFHIED 2{RA RO RockJock O AT 5 5.
RIHKILL 27— 7 b8k

100%&H

Bhhroiz (F).
EE T 5.
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4. B

RockJock THEHT L 7 EEHOKSLRHERN), HIEEM A,
B X OIS R E R O 58 OB AR & AR
(Full pattern degree of fit) #* 9 % &, WREHKILIK
HEFEW DO BRI E NI D Db S TR O8]
HNE L 7 BAAIAIAFRD S 72 (Table2). HLELILOFEA]
ANEL B DLERO—D2 & LT, WERZEREGR & lER
BoOBEEIIZOWTHRER EFEEILE OMEPEZ O
%. Table5i31:40H=EL (=025 THELZHF OR
Ffg A ) 12X LT, RockJock DfENTSF7%E 12
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Fig. 4. Powder XRD spectrums of samples (Expedition 902)
measured at various conditions and standard mineral. The measurement
condition of the patterns from A to F is listed on Table 4.

X4, HESRGERFRAGRELZEFRE L L EOXMAETT/NF — > (5902
DA . [T AR BV A~FDRIESMIEFEAITRT.

Table 4. Mineral composition of core samples (Expedition 902, Core 8H7 from archive halves, and Core 8H5 from a residue of CARB analysis)

calculated by RockJock analysis.

Fa, AR L0 Y — > O R (55902 Aitif, 8H7 (7 — 74 A 730k) & 8HS (CARBMIEMREL) 255Uk 2 I .
Pattern in Mixed sample Scan step Scan speed Step width | Full pattern Kspar: Kspar:  Plagioclase: Plagioclase: TOTAL
Sample Quartz intermediate Calcite Halite Pyrite Gypsum Titanite Opal Kaolinite Illite Chlorite
Figure 4 weight (g) time (s) (degree/s) (degree) |degree of fit: microcline  orthoclase albite anorthite (%)
A Archive halves 1.25 10.16 0.1 0.0083 0.13 12.6 4.0 3.7 10.6 129 2.7 16 09 32 0.1 156 19 233 55 98.7
B Archive halves 0.1 10.16 0.1 0.0083 0.15 11.3 42 4.5 9.3 14.8 2.1 1.2 0.9 52 00 137 22 208 6.0 96.2
C Archive halves 1.25 10.16 0.05 0.0042 0.12 11.6 26 59 9.3 129 2.5 16 09 35 02 150 29 208 48 94.5
D Archive halves 0.1 10.16 0.05 0.0042 0.14 12.1 4.1 4.2 9.9 14.7 22 1.1 1.0 4.8 00 126 2.5 205 51 94.8
E Archive halves 1.25 1.27 0.4 0.0042 0.16 120 75 0.2 10.5 14.0 2.6 17 08 2.1 00 164 25 229 41 97.1
XRD measured
F onboard D/V  stanardless 0.65 0.005 0.07 20.8 28 83 17.6 6.8 246 80 30 0.0 0.7 00 0.1 0.6 68 100.0
Chikyu
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AL S TR V) S 2RLTWA.

FEH (2008) &, EILHEE L EOWRIIXHIIHTT
L EBEDEAL 2 0, ARV S { % 5 RENE
WHDHIEEHFHBL TN D, EBURSLRHERY OS5
WBETLREE L L&D I & h BRI BUKSLIR O SEY R
FORGHAR 2 A &, Wl FoEslb e Hd &
TWBHREMED D 5.

T B BOR SL R HERE ) ORE RS O RE  (PITR S48 © AT
J£3.5~4, BAE AE3S) (ESZRCH, 2007) 1%, fi
OREL ORI ChYe  FEEE7, BA% W6 &Ik
LCHEAVNS W, 2070 UM CREENIEL 2
Y, WEEDYIN S W BUKSERHERE Y O RZ DA Y12/
XL B B AREMEATE . REO/N S WEEWIIRZEO K &
WEE E B LT T AT L — M L 23RN ER O
M2 BRI A D AR T 2B (EAIER, 2006). €
D7z, PEEEEYE % 5% 2 86 TRA LZIET0R
BCh, AT L — MIE) T 2B A
TALWERMENH LS. —T7, JFH (2008) 13k SRITFOK
EEP10umBE L D KE Ve, BT EM% 7z 34
KT ORI LRl roTLE) L 2HML TS, L
ML, WINOWBGEDL, WESUKSLR RO SR
DOMA/NEL B FERZFHHTE 2.

FRE - B0 (2010) 13 — MV M IS X BT RS
Mo, LY = E WA L 2R, S
DOWNEBEHEFEL OB, [T — 7 ES 555
Wo L) L7ERREDOREDHEEMEZ W LT\ 5.

WTNOTER O REORRLAH LTS, LEOT
ELNT 7 AWEEECREHIOWTI, TIAFILY —
FHOTOMT D LT T ARNY -0/ 7 — > D5
BrZ\ 3570, A= BREFHL TLE ) TReEs
Hb. FTORD, WG E F 7200 % EiT 5 LT
Wb,

ARG TIEEF L 7 2o 7278, 30k & 3URbREES 1%
M#ERIEEE 5 2, KFetoBlhars, ~7 My
LEENTTICH D L (~HEmg), REETIC
NEW (1~10um) T EPBERZEVDbILTWD (G,
2008). F 7z, FAHAGICIEIREL M 2 5572 70 v OB
HEFE LW, FfEEZ/NS 52 & TR AN E
HAEEER 2 E AT E S, S APED TR 728,
i) O A RILFREDIKRE L R BN H B, K
T L 723 %E SR O #iPH N T 1LiZ RockJock D
Mz HaRtn ik b 2 L hvb o 7272, RockJock |2 #x i
HIESMZE L ETIEE > TRy, XEEREPHIE
TERAREZAESRMIZ LI IE Y, 2Ol 7 St
AEREEOHMEIRGET A 72012, WERILERED
C L FHIEE S TEEE Ly (FEH, 2009).

5. %L

RockJock 711 7T L % W72 K XA E s ATIc L D,
UToORBEORMA LSS 2 &k

A, RBEAR A& & BB A DR

BT BT, NERIEEY R IIME O I E
FRTBLERHY, =¥ ) — L& Hwg sy
FLWZ EGho7z. F72, RockJock fENTICIE A T A
B TIWARNY =Dy — %Ny 7 75 K )
A X LTHIER T 27— 2T, WEREo Y —
ZICHEBL W &) IS OS2 A H T

Table 5. RockJock result of a stone pillar at Tsumajiro beach mixed with internal at a weight ratio of 1:4 (0.25) calculated by different standard/sample

ratio. Upper column: proportion before normalization, Lower column: normalized proportion.

F5. NEEEDE EONEE O R 2 104 (025) OBEBEILTHHE LRI LT, Bz o MR 2 00E L 72, LB BB LT oM. TE -

HEPDALE L DFEF % 100% THIFEAL L 721,

Standard Full pattern Kspar: Kspar: Plagioclase: . . . . .
i Quartz . . . Calcite Dolomite Pyroxene Kaolinite Illite Chlorite | TOTAL
/Sample ratio  degree of fit: microcline  orthoclase albite
0.25 0.219 522 11.7 6.0 15.5 0.3 4.0 0.3 54 0.7 0.9 97
0.1 0.220 20.7 4.7 24 6.3 0.1 1.6 0.1 2.1 0.1 0.9 39
0.4 0.220 83.3 18.7 9.6 24.8 0.5 6.4 0.3 8.8 1.5 0.6 155
Normalized mineral composition
0.25 0.219 53.7 12.1 6.2 16.0 0.4 4.1 0.3 5.5 0.8 0.9 100
0.1 0.220 532 12.1 6.3 16.1 0.4 4.0 0.1 54 0.2 2.3 100
0.4 0.220 53.9 12.1 6.2 16.0 0.4 4.1 0.2 5.7 1.0 0.4 100
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