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Figure 20. Nodule SCB 383-3: olivine=Fo-76.4; average grain
size=1-3 mm; 1iridescent grain surfaces; friable.
Note that lherzolite has a high percentage of dark
(CPX, spinel) minerals.

T ey
Ty A| o

L}
4

u-muunwww. Fisher Sc‘enﬁﬂc o

Figure 21. Nodule SCB 383-4: olivine=Fo0-79.6; average grain
size=1l mm; no 1iridescent grain surfaces; not
friable. Note thickness of veins relative ¢to
lherzolite rock.



Figure 22,
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Nodule SCB 383-6: olivine=Fo-76.7; average grain
size=1-3 mm, with some large (5 mm) olivine
grains; iridescent grain surfaces; friable. Note
cross-cutting vein (arrow) connecting two parallel
veins,



Figure 23. Near—lZOO intersections between three olivine
grains, XPL, 1.0 x 0.71 mm,

4

Figure 24, CPXite/lherzolite boundary with near-120° grain
intersections (arrows). XPL, 2.8 x 2.0 mnm.



Characteristic texture in dedles of this study.
Note mixture of near-120 intersections and
non-angular qrain interfaces and the variation in
grain sizes, XPL, 2.8 x 2.0 mn.

Figure 25,

Figure 26, (Next page) = Kinked olivine apparentlg
recrystallizing to smaller grains with a near-120
intersection (arrow), Both pictures are of the same
area and are 1.0 x 0.71 mm field of view., 26a, XPL;
26b PPL., Note that extinction defined bands are not
seen in PPL. -
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Figure 27, Cracks radiating from included spinel. PPL, 1.0 x
0.71 mm

_ 43 ¥. Vi S Y
Figure 28, Spinel types: holly leaf (H), grain boundary (G),
included (I). PPL, 2.8 x 2,0 mm,

-
.
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Figure 29,
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Figure 30, Close-up of Figure 29, Note ¢trail of fluid
inclusions (arrow) and numerous cracks 1in CPX,
XPL, 1.0 x 0,71 mm,
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Figure 31. Group II olivine, grain mount in o0il n=1.68, Note
numerous fluid inclusions, PPL, 210 x 150 microns.

Figure 32. Same photo as Figure 31, but XPL. Note that grain
is optically continuous (interference color bands).
210 x 150 microns.



w—

98

Figure 33

5 Spongy grain borders (arrows),

indicating

incipient partial melting. XPL, 2.8 x 2.0 mm,.

Figure 34,

Partial melt channel.
(arrow) in channel. PPL,

Note pyroxene
1.0 x 0,71 mm,

"xenocryst"”
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Figure 35. Cation distribution in Group II composite nodule

minerals

(this

microprobe data, s

Na value

study).

X =

mean

values

from

= standard deviation of data.

is high because of microprobe was not

specifically set for Na analysis during this work.

DATA
Clinopyroxene
Cation: Na
Xt 1.04
S: 0.10
Olivine
Cation: Mg
X: 40,05
S: 0.66
Spinel
Cation: Mg
X: 17.16
S: 0.35
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Si
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Al
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Fe3+
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0.74
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Figure 36, Cr
thi

&

03 content of spinels,

100

section SCR 383-1-1. Lherzelite area higher

than CPXite, X represents bottom traverse,
traverse.,

*

top
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Figure 37, Cr
thi

A

03 content of spinels,
section SCB 383-2-2,

191

Holly leaf spinels show

lower 1levels than other spinel types. Only one
traverse made {(¥*).
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Figure 38, Cr, 0, content of spinels,
thin “section SCB 383=-3-1, Vein at right shows
lower levels than all lherzolite, but note
constant increase across lherzolite and CPXite
areas to the left, x represents bottom traverse, *
top traverse, '
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Figure 39, Cr 0, content of spinels,
thiﬁ section SCB 383-6-2,
only one traverse (*),
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Random distribution,
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Figure 40, Cr 03 content of spinels,
thifi "section SCB 383-6~3, Increase from left teo
right regactdless of rock type. x represents bottom
traverse, * top traverse,
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Figure 41. Geothermal gradients and envelope for Group II
composite nodules from this study as determined
from geothermometric and geobarometric
calculations. These nodules plot to the
high=temperature side o©0f relevant geotherns,
perhaps reflecting the influence cf the
vein-forming magma (hotter than *normal®
temperatures), References: 1, various authors in
Yoder, 1976; 2. Clark and Ringwood, 1964; 3,
Mercier and Carter, 1975; 4, Reid, 1976; 5,
Griffin et al., 1984,
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Pigure {3. Schematic of Temple University IOF apparatus.
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Pigure 44, IOF data points and curve: SCB 383-3-clivine,
17 data points
LSF equation: 38.585 + 3.053 X = Y
X =1/TKx 107, ¥ = ~log fO2
Standard error: 0.700
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Figure 45, IOF data and curve: SC3 383-3-CPX
LSP equstion: 312.106 + 3.234 X =Y
X=1/T"K x 107, ¥ = ~log fo2
12 data peints
Standarg error: 0,888
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Figure 46,

IOF data and curve: SCB 383-2-0livine
LSF equgtion: 312.106 + 3.234 X = Y
X=l/TleO,Y=-10gf02

12 data points

Standard error: 0,886
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Figure 47, I0P data and curve: SCB 383-2-CPX.
LSF equation: 311.93 ¥ 3,247 X = Y
X =1/TX %107, ¥ = «log f02
15 @data points
Standargd error: 0,648
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Fiqure 48, IOF data and curve: SCB 383-2-spinel,

LSF equgtion: 310.613 + 3.253 X = ¥
X =1/TK x 107, ¥ = =-1og fO2

17 data points

Standard error: 0.780
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IOF data curves for composite Group II nodule
minerals, this study, Temple and Reston analyses,
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Figure 50,

IOF data and curve,
{1979).

Group I olivine,
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Fiqure 50a, IOF curves for Group II nminerals and an
approximation of the upper limit of the stability
field for olivine: Fo=75, This 1limit was
calculated from the reaction:

& tugu_TsPe0.25}23104 + 1/202 =

3 M928i04 + 3 MgSiO3 + Fes0,
using data from Robie et., al., {1979). This
reaction for the oxidation of Fo=-75 was
suggested by XRD analysis of Fo-77 olivine
oxidized during TGA.

Wote that two of the olivine IOF curves
intersect the phase boundary within the diagram,
while the third can be projected to intersect at
1260°C. The intersections suggest that the IOF
curves for the olivine were not determined by the
olivine, but rather, were controlled by sdme
other phase (i.e,, C0,).
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Figure 51, 1IOFP data curves, Group II minerals, Temple
analyses, and CO0,/CO curves (Deines et al.,
1974}, The deviation from parallelism between
Group II minerals and the gas curves suggests
that the IOF of the host solid phases may have
contributed to the IQF of the 0. released from
fluid inclusions during analyses,
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Figure 52, Fluid inclusions in Group II olivine, Note the
large size (some near 5 microns) and deformation
(necking) of some inclusions, PPL, 210 x 150
microns,

Figure 53, Fluid inclusions in Group II olivine. PPL, 210 x
150 microns,
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Figure 54, Numbers of CO, inclusions against pCO, generated
by theig brea%%pg and liberating their content
at 1000°C (12737K) inside the argon-filled 2 cm
free space of the Z2rO, IOF sample cell. The slope
change in the 10 and®5 micron curves represents
the asymptotic approach of pCO2 to 100%.
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Figure 55, £0, of CO., released from 1 micron inclusions as a
fouriction cf numbers of in¢lusions and
temperature,
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Figure G56,
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Results of TGA of Po~77 Group II San Carlos
olivine, Horizontal dashed line represents the
fayalite (F-MQ)/magnetite (M->H) boundary.
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Figure 37. Group_JI IOF values and curves for pCO, values
of 10 anéd 10 ", i,e.,, values bracketing pCO
below which olivine (Fo-77) does not oxidize.
Note that all but one of the curves plots below
the reaction «curve if the presumed Reston
oxidation error is eliminated.
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Figure 58, IOF c¢urves for Group II minerals, Temple
analyses, and Arculus et al. envelopes for Group
I and Group II nodules. The Group XII envelope
also encloses values for ilmenite megacrysts.
Note that only one of the curves pleot within
the Arculus et al, Group II envelope. This is
from a Reston analysis and will plot below the
envelope if the presumed error is eliminated.
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Figure 59,
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Model for the upper mantle in regions of vein
intrusion that resulted in the formation of rocks
ultimately brought to the surface as Group I or
Group IT composite Xenoliths with Group II veins,
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MgO
510
FeQ
ca0o
NiO
MnO
Total

Na. O
MqO
Alzo
5i0
Ca0
TiO
cr203
MnoO

FPeO

Total

3

TABLE I

REPRESENTATIVE MICROPROBE DATA

Nodule
Sample

Nodule
Sample

OLIVINE

1 2

1-2A 1-4A
37.86 41.28
38.17 39,57
24,11 19,867
0,12 0.12
0.17 0,20
0.26 0.20
100.69 101.04
CLINOPYROXENE

1 2

1-7B 1-3B
1.00 0.85
13.09 13.77
7,75 7.57
48,02 48.82
20.81 20.86
1.55 1.31
0.06 0.15
0.08 0.04
7,09 6,07
39.46 99,55

3-58B

39.69
38.28
21,37
0,12
0.27
0.22
99,96

1-1a
1.06
13.37
7.84
48.19
20.67
1.60
G.15
0.07
6,10
99,05

123

Group I
4-C

49.71
40,26
9.92
0,09
0.24
0.20
100,42

Group I
F&P-PAG
2.01
16,20
6.20
50.80
19.50
0.22
1,29
0.05
2.88
99,15



Wt %
MgO

A1203

Fel

Pe203

Mno
TiO
Total

TABLE 1 (cont.)

Nodule 1
Sample i-H

16,29
60.32
16.92
5.62
0,45
0.18
0.48
100,52

SPINEL

2
2=2

18,32
60,62
13.38
5.51
1.28
0.16
0,33
98.75

16,39
56.55
16,06
6.18
4.43
0.32
0.58
100.84

123a

Group I
GEN=-1

18,21
34,00
10.93
4.48
33,29
0.72
0.33
100,78



Nodule
§ data
points
Wts
MgO
Sio0
FeO
Total

2

Nodule
# data
points
Wte
Na2
Mgo
A1203
cao

FeO

SxO2
Total

0

TABLE XI

AVERAGE COMPOSITION OF MINERAL PHASES IN 4 NODULES

B

X
38,74
37.93
22,79
100,06

1,07
12.85
8.21
20.41
7.20
47.22
38,97

S
0,67
0.49
6.67
0.62

0.05
0.19
0.33
0.44
0.17
0.62
.70

OLIVINE

2 3

10 7

X 5 X
41,51 @Q,60 40,18
39.23 0.76 38,63
19.20 0.31 21.87
10C.4% 0.89 10l1.21

CLINOPYROXENE

2 3

& 4

X s b4
0.0 0.16 1.11
14.05 ©0.18 13.35
7.72 0,21 8.05
20.73 0.17 20,03
5.93 0.23 6.74
48,21 0,44 48.13
99.11 0.42 98,96

s
0.66
0.29
0.53
.88

0.06
0.18
0,13
G.18
¢.20
0.22
0.26

28

39,73
38.47
21,42
100,42

1.08
13,44
7.95
20,11
6.27
48.09
99,29

124

0.60
0.47
0.71
0.71

6.11
0.17
6.20
0.24
0.17
0.35
0.25



Nodule
# data
points
Wts
MgO
Al.O

273

Cr203

sum Fe
Fed
Fe203
T102
Total

19

X
16,16
59.04
0.44
22,34
16,55
6.49
0.48
99.72

S
0.31
0.88
0.23
8.72
0.34
g.71
8.06
0.97

TABLE II {(cont,)

19

h-4
18,22
60,84
0.97
18.39
13,48
5.52
0.33
99.76

SPINEL

s
0.26
0.79
0.36
0.45
0.65
0.73
0.63
6.72

19

16,73
59,15
2.33
20,82
15.90
5,46
0.46
100.76

0,38
1.42
1.33
0.58
0.40
0.43
0.06
1.04

22

17.51

60.67

1.28
1%9.01
14,33

4,95

0.36

100,02

124a

0.43
1.32
0.62
G.39
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.93
.04
0.98



TABLE FI1I

AVERAGE MINERAL COMPOSITIONS
4 NODULES TAKEN AS 1 POPULATION

OLIVINE

n=45
wts X s
MgO 39,94 1,15
Sio2 38,42 0.63
Fel 21,38 l1.48
Total 100,42 0.55

CLINOPYROXERE

n=22
Wte X 5
Na,0 1.03 0.13
MgO 13.48 0.44
A1203 7,96 8,28
caf 2042 0.36
SiO2 48,00 0.53
FeQ 6,43 0.49
Total 99.1¢ 0.40

SPIREL

n=79
Wes X S
Mg 17.18 ©0.83
A1203 60.03 1.45
Cr203 1.22 1.01
sum Fe 20.11 1.61
Fe0O 15,12 1.37
Fe203 5.61 0.64
Ti{)2 0.41 0.1¢
Total 99,99

g.93

125
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TABLE 1V

COMPARISON OF EXSOLVEDWQPINELS AND HOST
CLINOPYROXENE (FIGURES 2%, 30)
AND AVERAGE SPINEL AND CLINOPYROXENE
FROM RODULE 1

SPINEL CPX

Exscl, Aver, Host Aver.
Wte Wts
MgO 14,61 16.16 Na,0 1.09 1.07
A1203 51.80 59,04 MgO 13.68 12.85
Tio2 1.02 0.48 Al,0, 6.80 8,21
Cr,0, 6.06 0.44 §io, 48.59 §7.22
sum Fe 26,67 22,34 Tio2 1,47 1.74
FeO 18,67 16,55 cao 19.88 20.41
Fe,04 8.88 6.4% FeQ 6.96 7.20

Total 101,04 99,72 Total 98.47 100,71
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APPENDIX I

GEOTHERMOMETRY AND GEOBAROMETRY

Mercier (1976)

Single Pyroxene
Geothermometer &
Geobarometer
NODULE n x(t°C} s x(Pkb)s
1 4 9317.83 52,15 7.00 1,79
2 6 954,49 27.83 8,06 1,04
3 4 998,87 9.96 10,9CG 0.49
6 8 962.11 52,10 9,30 2.58

Herzberg &

Chapman {1976)
CPX~0OL~SP

12-kb calculations

x(1°¢)
956,01
926,43
995,19
963.76

S

18,723
15,77
18,78
30.72

Adams and Bishop (1981} Results for San Carlos

Minerals (not specified, Group I or II}
910-1020% §-18 kb
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APPENDIX II: COMPUTER PROGRAMS
IN BASIC FOR CALCULATING
GEOTHERMOMETRY AND GEOBAROMETRY
i. Mercier (]976) j
ii. Herzberg and Chapman (]976)

Written for use on Apple IIe

NOTE: The equation used for geobarometric calculations in the
first program (line 430) differs from the original Mercier
(1976) equation in that a negative sign appears in the
numerator in place of the original positive sign. The
change of sign was made so that the Mercier equation would
produce reasonable and relatively consistent results.



IFR4D
ILIST

93 REM MERCIER CFX GEOTHERM, GEOEAROM, SPINEL FACIES: ARRAY METHOD

110 Dt = CHRS (4)

130 PRINT "MERCIER SINGLE FYROXEN E GEOQTHERMOMETER, GEOFAROME
T ER, SPINEL FACIES, CPX: AM M IN &1, FF 603-6
16": FRINT D$:"PR#1"

150 PFRINT "MERCIER SINGLE FYROXENE GEOTHERMOMETER, GEOBRAROMETER. SFPINEL
FACIES, CPX: AM MIN &1, PP 603-416": FRINT D$:"FRRO"

17¢ FOR I = 1 TO S

190 REM ENTER SAMFLE ID

210  INFUT "SAMFLE 1D= ":PYX%(I): PRINT D#:"FR#1": FRINT “SAMFLE ID= “;PY
X$(I): FPRINT D%;"PR#O"

230 REM ENTER CATIONS FER & OXVGEN

250 GOSUER S30

270 REM CALCULATE 4L S171E DISTRIBUTION

290 GOSUE 790

310 REM CALCULATE FE CHARGE DISTRIBUTIUN

330 GOSUE 870

350 REM CALCULATE FRRAMETERS

370 GOSUB 95¢

=90 TDEGC(I) = ((({ - 7537.5 % Y(I)) + 61182) / DtD) = 273.18

410 REM CALCULATE F kB

330 P(I) = ((419.76 % Y(I)) = (704 % X(I)) + 453.4%9) / DI

450 PRINT PYX${I); TAB( 1&)( INT (100 % TDEGC(I»)) / 100:"C": TAB( I2) ¢ INT
(100 % P(I))) /7 10G3 KE": PRINT D$:"PR#1": FRINT PYXt(I): TRB( 163 ( INT
(100 % TDEGC(I))) / 1003;"C"; TABC 3I2) ¢ INT (100G ¥ P/I1))) / 100;"kKE"

470 PRINT D%:"FPR#O"

450 NERT I

Si0 0070 1150

S30 FREM LIST CATIONS

50 INPUT “MA= “:NACI): PRINT DT:;"PR#1": PRINY "MA= "i;NA(I): FRINT Ds: "F

S70 ?gng "MG= “;MG(I): PRINT DE:“"PR#3": FRINT "MG= ":NMG{I): FPRINT D$:"F
S50 ?;P;T vaL= “:AL(I): FRINT D$:"PR#1": PRINT “AL= “;sL(I): FRINY D%:"F
&10 T:gHT wGle ";SIil): PRINT D®:"FR#1": PRINT "SI= ";SItI): PRINT Ds:"P
&30 T:gel "CA= “3CACI): PRINT D®:"FRE1": PRINT “CA= ":CAR(1): FRINT D3:"P
&30 ?ggu1 “Tl= “;T1(I): PRINT D$3;"PRHI": PRINT “TI= ":T1(Ir: FHRIIT D "P
&70 ?:ng:.ﬁ “CR= ":CR(I): PRINT D$:"PR#1": FPFINT "Ci= “iCR(I1): FRLIL D®: 'P
6590 ?:22T “MN= "sMNCI): PRINT US:"FR#1Y: FRINT “MN= "Ml : PSINT DS:"F
710 Z:IEUI ‘FE= ":TFE(1): FRINT DS:"PR#1": FRINT “FEm “:FZ(I): PRINT D$:"P
#a

T30  RETURH

"S0 REM AL SITES

770 REM AM=ALIV

770 AN(I) = T - SItD)
810 REM ANasalVi

SO EN(I) = AL(T: = AMLI)
835G FETURU

37¢ FEM FE CHARGE CDIST
890 F341) = AM(I) + NA(I) = CR(I} — AMNC(I) - 2% TL(1))
QL0 FZ(I) = FE(I) = F3(I)
2?30 RETUEN

50 REM  FARAMETEFS

TG A(I) = (AL(I) + CR(I' - NR(D)) < 2

Q50 V(I) = CACI) 7/ (CA{L) + MG(I) + Ity + FICin:

1010 KS(I) = 0,9 + (1.2°9 % (‘CRtL) ITIOR R B ]

1030 KAZLI) = KS(I! & (1) ;- (1 - RAL1)))

1IN0 3¢3) = LOG (MRl g

1070 KWl) = (1 = (2 % Wiy / (0,85 +« (9.7 1 wWilr)»

1090 ¥ii:r = LOG (huWl))

110 DeI) = FCI) % Y6I) = (13,098 $ Y(I)) + (2,25 % X{I)) + 32.7&35

1130 RETURN
$99T  END



nes

IFRHO

LS

{0 KREM HERZBURG AMND CHAPMAN CFPYX GEOTHERMOMETER

1{ D% = CHRS. (3

13 PRINT "HERIBERG AND CHAFMAN C PY GEQTHERMOMETER, AM. MIN,

V&{ PP &26-46378": PRINT D%; "FRé1"

1& PRINT "HERZBERE AND CHAFMAN CFX GEGTHERMAMETER, AM MIN V&1 FF &256-438
s PRINT Dsi "PR#0O"

< FOR I = 1 TQ 3

30 FREM ENTER SAMPLE ID

40 INPUT "1D=(FX», (OL), (SP}"s ID&(I): PRINT D¥;"PR#1": PRINT "ID={PX),(OL
Yo {SPY“; IDE]) : PRINT D$; "PRH#O"

30 REM ENTER CATIONS FOR CPY,0L,SP

&0 GOSUB X000

&5 PRINT "ID"  "T=12KB","T~L&KS": PRINT D$; "PR#1": FRINT "ID"; TARE{ 223"
T-1Z2KB"3 TAB{ I2); "T-16KB": PRINT D®%; "FRHGY

70 REM CALCULATE AL SITE DISTRIBUTION

B0 G£0SUB 400

50 REM CALCULATE FE CHARGE DISTRIBUTION

100 GOBUB Sn0O

119 REM CALCULATE ACTIVITIES

120 GOSUB &00

130 REM CALCULATE LN K

140 LNKLI) = LOG ((A1¢I) £ AT(II} / (AZ(I) ¥ AR4tI3))

150 REM CALC T AT 12 KB=aTT

140 TT(1) = = @340 /7 (LNKII) - q.08)

1&5 TT:iIY = ({ INT (100 % TTLI})})Y 7 100} - 273,15

170 REM CALC T AT 1&4KB=TS

17% TS(TY &= = RT31 7 (LKD) — 4.44%)

180 TS{I) = € INT (LO0 ¥ TSIy 7 10Q) - 27X.1% R

190 PRINT !DQ(I}; TABC( 14X 4TT{1}3"C"3 TRAB(¢ 32);TS{IIy“C": FRINT D&;"PRB1
"t PRINT ID${I); TAB! 1&):sTT(I)s"C";: TaB{ J2):TS(I}1-C"1 FRINT Dey"P
R#O"

200 NEXT I

210 GOTO €90

T00 REM CPX CATIONS/4OXYGEN

310 INPUT “NA= ";NA(I}: PRINT D$3;"PR#1": PRINT “NA= ";NA{I}): PRINT D%;“P
RaO"

315  INPUT "MG= "iMBI{I}: PRINT D$¢"PR#1": FRINT "MG= ":MG(I': PRINT D2;"F
R#0Q"

320 INPUT "AL= ";AL(I):; FPRINT D3:"PR#i1i": PRINT "AL= “:AL{I}: PRINT D&;"P
R&Q"™

328 INPUT "SI= "18I1(l): PRINT DSE;"PR#1": PRINT "Si= “iS1(]): FRINT D&;'"P
R&#O™

330 INFUT "CAe ":CA(I): PRINT D%; "PR#1": PRINT "CA= “31CALI) e FPRINT DS;"P
R#ND™

33T INPUT “TIc ":TI(1): FRINT Dei"PR#1”: PRINT "TI= ";TI¢(1): PRINT D$;"F
RO

330 INPUT "CR= ";CR{I): PRINT D%;"PR#1"3 PRINT "CRe “JCR(I;: PRINT D%:"P
R#OY

343 INPFUT "MNo ":;MM(I2: PRINT D&:YPRHI": PRINT “MN= “;MN(I): PRINT D#;vF
R&O"

35¢ INPUT “FE= ";FE(IY: PRINT D$&:"PR#!": FRINT "FE= "“{FE{I)3 PRINT D$3"P
R#O"

3a0 INPUT “GL MG= “;0OMG(I}): PRINT D®:“PRH1": PRINT "OL MB= “;OMG(Ir: PRINT
D%3 "FR#0O"

I70 INPUT "SP MG~ “3SMB(I): PRINT De;"PRH1": PRINT “SP MB3 “iSMG(I}: PRINT
D¥; “FPR#0O"

380 RETURN

400 REM ALUMINUM SITE DISTRIBUTIDN

410 REN ALIV=AM

420 AMSI) = 2 =~ 5I(I)

430 REM ALVI=AN

440 ANCI) = ALCIY - aMiI)

450 RETURN

500 &EM FE CHARGEB

Z10 REH F3cF3+, FZaFE2e

S20 F3<(I) = AM{IY « NA(lY = CR{LY = AN{I) —~ (2 ¥ TI{I»n

T30 F2UI) = FE(I) - F3(I)

3490 RETURN

&00 FEM ACTIVITY CALCULATION

4510 A1(]) = AN{IY ~ 2 .

&20 AZ2(I}) = (CAIl) = ANtI)) -~ 2

630 AJ(1) = (OMGIY ¢ 2 ~ 2

&40 RA(I) = (SMG(I}) —~ 2

50 RETURN

00 END



APPENDIX I1I

Diffusion: Olivine and Spinel
Calculations for the interdiffusion of Mg and Fe
in olivine have been made, data used is from Buening
and Buseck (ref, 13} in Freer {198l). Temperature
dependence of D (diffusion rate) is given by the
equation:
b = Doexp(-Q/RT)

23-1) is the pre-exponential factor (= D

1

where D° {m

at 1/T=0), O is the activation energy (J mol ~), R

is the gas constant (8,314 J %=l mo1™!) and T the
temperature (OK}. Diffusion times can be calculated
by the formtia: xz = Dt, where x = distance and t =
time, All of the above parameters and the equation

‘are universal, that is not limited to olivine,

r=1273% T=1373°K T=1473%%
peyg=15-40 be1p-15.04 [ =14, 39
{x equals distance in ¢m, t equals time in years.)
x=0.1  t=10%? g=101-3 =109+
x=1.0  t=10°"° g=103+3 g=102+3
x=10 g=10"+2 £=10°+2 g=104-?

These c¢alculations are for PFo 92-97 at one
atmosphere, Meisner (1974} states that diffusion
rates for o¢livine decrease with increased pressure
and 1increase with increasing Fe content, the

offsetting factors are taken as equal here,
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Diffusion rates for Cr,0, in spinel _have been
estimated by extrapolating the high-temperature
(1600-1300%C) data of Greskovich (1958) to 1100°C,
Resulting from this extrapolation is an
interdiffusion coefficient for Cr/iMig in spinel of

1 . This D wvalue is almest two orders of

magnitude slower than the interdiffusion coefficient
(10_15'04) for Fe/Mg in olivine at this temperature,
This estimated interdiffusion coefficient of Cr/tg
in spinel relative to Fe/Mg in olivine supports the
suggestion presented im this thesis that spinel
phase chemistry hetrerogeneity and oclivine

homogeneity in the same nodule could be a function

of relative diffusion rates in the two phases.



APPENDIX IV
I0P PROBLEMS

PROBLEM 1: Iron in Pt c¢ell cap. Incorporated during
tink-welding process used to make Pt foil into cylindrical

cap.

SYMPTOMS: Unchanging 800 mv reading on EMPF meter guring
IOF analysis. iron c¢ontamination visible under highest

power on binocular microscope,

SOLUTION: HC1l treatment of Pt cap. Heat cap in bunsen
burner flame until red hot, then plunge into beaker of
HCl., Repeat 5-10 times or until yellow Fe~Cl compounds

stop coming from Pt,
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PROBLEM II: Ag-Hydrides on Ag-Pd sample bucket, formed
during reduction of Ag-oxides (resulting from Dhucket

making process) in H, torch flame.

SYMPTOMS: 800 mv signal on BEMF meter during IOF
analysis, Slight blackening or dulling of sample bucket

visible after experiment.

SOLUTION: Reduce Ag-oxides in Bunsen burner flame (less

ceducing than H, flame).

PROBLEM IIXI: Sample bucket collapse when run in aic

during blank correction analysis.

SYMPTOMS: EMF readings fluctuate considerably during IOF
analysis, eventually going off-scale, indicating a broken

connection.

SOLUTION: Reinforce sample bucket with an extra loop of

wire,



Iv-b
PROBLEM IV: Copper contamination of AgenPd,, wire at

manufacturer's during drawing process,

SYMPTONMS: 80C mv signal during IOF analyses that
gradually deteriorates to about 100 mv over 2-3 hours at
tempezature. Wire is blackened when removed from cell

after experiment.

SOLUTION: Complaints to manufacturer, Specification of
<50 ppm Cu for wire order. Tighter quality control at

manufacturer's.

PROBLEM ¥V: Organic lubricant (stearate compound)
contamination of AgGOPd‘m wire at manufacturer's during

drawing process.

SYMPTOMS: Strong reducing signal on sample cell EMF
meter and black smoke emmanating from sample c¢ell during
analysis, Wire and Vycor is blackened or yellowed when

removed from cell after experiment.

SOLUTION: g}pe down each length of wire with warm water
and a bit of soap before each analysis, Inspect wire under
binocular microscope to ensure that it is contamination

free,



APPENDIX V: COMPUTER PROGRAM
IN. BASIC FOR CALCULATING
PLUID INCLUSION/PARTIAL PRESSURE
RELATIONSHIPS -

Written for use on Apple Ile



IPRHY
IL1IST

10 REM THIS PROGRAM CALCULATES PERCENT PARTIAL FRESSURE

20 REM TOTAL PRESSURE IS NORMALIZED TO ONE ATMOSFHEFE

30 REM PERCENY PARTIAL PRESSURE EQUALS MOLE FRACTION

100 FEM PROGRAM TD CALCULATE FLUID INCLUSION/PARTIAL PRESSURE OF INCLUS
10N PHASE RELATIGNSHIPS

200 REM ALL DATA IN CM, B, ATM

300 Die = CHR3 (4)

400 PRINT "PROGRAM TO CALCULATE"

200 PRINT "FLUID INCLUSION PARAMETERS"

53¢ PRINT " "

700 PRINT “ENTER DATA [N CM, 8"

800 PRINT * »

200 [NPUT "SAMPLE COMPOSITIQON IS: “:1SC$

1600 [NPUT “FLUID COMPOBITION IB: “;FCs

1100 INPUT "DIAMETER OF INCLUSION (CHM)= DI

1200 INPUT “GMM QF IRCLUSION SPECIES= "3;GF

1300 INPUT “DENSITY OF FLUID {B/CC)= "3AF

1800 REM CALCULATE VOL OF INCLUSION

1500 VI = (4.1847) ¥ (D1 7 2y ~ X

1400 REM CALCULATE MOLES OF FLULD IN INCLUSTION

1700 MF = RF X ¥I & {1 /7 GF)

1800 REM ENTER SOLID SAMPLE PARAMETERS

1900 INPUT "GiM OF SAMPLE SPECIES= “;GS

2000 INFUT “DENSITY QF SAMPLE (G/CCi= “3RS

2100 INPUT "MASS OF SAMPLE (G)= "iMS

2200 INPUT "AV. DIAM. OF SAMPLE GRAIN (CM)= ";DS

2300 REM CALCULATE SOLID SAMPLE PARAMETERS

2400 VS = (4 7 3) ¢ J.14 9 (DS 7 2 ~ )
2500 NG = (% / (RE % VS ¢ MS

2600 NG = INT (1 ¢ KG) 7 1

2700 NX = 30Q0D / NG

2800 NX @ INT (NX * 1007 / {00

2900 REM PARTIAL PRESSURE CALCULATIONS

3000 INPUT "VOLLME OF CELL FREE SPACE (CLy= "3vl

3100 REM CALCULATE MOLES OF GAS IN FREE SPACE

3200 MG = VC ¥ (1 7/ 22400)

3300 ReEM CALCULATE TOTAL PRESSURE IN FREE SPACE (PT)

3900 REM 1DEAL GAS APPROX: PVYSNRT

S30N REM R=8Z.1, N=MG

3500 R = 2.1

3700 PRINT De;"PR3#1": PRINT “FLUID INCL/PART. PRESS CALCULATIONS™

3800 PRINT "GAMFLE COMPOSITION IS "3SCs

3900 PRINT “FLUID COMPOSITIDN IS “:;FCs

400C PRINT AV GRAIN DIAMEYER 1S ":DS

4100 PRINT "NUMBER DF GRAINS/SAMFLE= "NS

4200 PRINT "FOR 1044 INCL THERE WOULD BE “;NX;" INCL/GRAIN"

4340 PRINT % -

4320 PRINT "CALCULATIAN QF % PARTIAL PRESSURE (P.TQT.=1}": PRINT D¥;"PR#
oll

4400 PRINT +

43¢0 REM NUMBER OF TEMP FOINTS TC BE CONSIDERED

4600 INPUT "NUMBER OF TEMPSce “:iN

47200 FOR I = 1 TO N .

400  INPUT "TEMP= ";T(I)

4500 PRINT D&; "PR#1"

S0N00 PRINT "FOR Ta ";T{(I}

5100 PRINT “INCL DIAMCCHI":; TAS3( 15):"LOG #INCL": TAB( 20);"LAG Y“PART.PR
ESS. (ATM2 "2 PRINT DS:"PRaQ"

5200 REM ENTER NUMBER QF INCL POPULATIONS Tk 8E CONSIDERED

5300 INPUT "NUNBER OF INCLUSIUN POPULATIDNS= "iM

SA¢ FOR J = 1 TGO K

5500 INPUT "NUMBER OF INCLUSIONS= “;NI(J}

S&00 NI(2) = ( LAOG (NI{J))) /7 2.3025809

5700 NI¢J) = ¢ INT (NI(E)) ¥ 103 2 {0

6000 REM CALCULATE PARTIAL PRESSURE ‘FP)

G150 FPR{JY = (110 © NI )Y ¥ MF) 7 (M8 + (MF ¥ (10 ~ NIGIX})?

&200 PP(J) = t LDG (PP{JY)) ¢ 2,3I023809

6320 PP{J) o INT {((PP{(I))} % 100y /7 100

&300  PRINT DI: TABC 1S¥:iNICD): TAB( ZS) PPN}

650G FRINT D63 "PR#i%: PEINT * *

5807 PRINT DI: TAB{ 2ZJ):Nlwci; TAB( 29);FP L)

&7N0 PRINT * *: PRINT D$;:"FFaG"

&BUN NEXT

&%06  NEXT I

$9e%  END






