








produce the inos t unders aturated, nodule-free eruptives. The Ty -pe 

3 nodules may represent basaltic liquids, at the basic end of the 

Pife trend, crystallised at pre8sures from 10-15kb. Types 4 and 

5 nodules may repreáent crystallisation products of a trapped. body 
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Table 1-1 

Summary of orevious oublished data on inclusions in basaltic rocks of Rritain 

lOCAlITY ESTIMATED ASS SOS? SNTRUSIOH ROCS TYPE IROISSIOS TYPES MESACRYSTS 

.1 PIPE 

Eli. Ne.. Upper C.rb. Vent AUlounrit. Sb. pyronenite. Ii, OS, Aug, Rb, 8.1.1111. 1927 
Si, Or 56631. 1901 

09111. 1902 
Co1v1i 1968 

Kohl. low Oppe, C.rb. Dike. R..onit, s, or, si. oniii. 1902 
Comb.. Low '' Dpi.. Limburgite Rb, Or, Bi. 
Coolyord Hill '' Opt. Unepeotfied Rb, Or, 91. 
Chopel Ne,. '' 	' Sheet BAnolt Or. 	- 
Rudlon. Point '' 	' Sheet Unep,citi.d Ot, fl. Ruddi. 1901 
Largo Vent AgglO.er.t. Or. 5.111. 1902 
5101,11 Neee Vent AglOunmnte Aug. BeAdle 1901 

b) EAST LOTHIAB - 

15310w Upper Vice.,, Sill *0.1. b...nit. Spin.1 themnolit. 9.11.p 1910 
- Plug In rent '' 	''  819210, 1932 

Oullon. '' 	'' Sill Te.clenit. Oltrine 103.1.. 8o11.p 1910 
Tb. Loob- '' 	- Sill AunI. b.eite Spinol 0*0,1St. 

- 	 - 

P13.. - Sill ' Ohi.ine-pp.00enit. •' 
- 	 dude,, ' 	 ' Sill  

VoOk Low ? L. Curb. Vent AUlo,.r.t, SpineS d,mjte Dunn.. 1972 

ci £YRSRIRE 

Copoonhon, Perj.0 VOnt, .66 Aggloocrote. Spinel p.midotite. An, Rb, ES. Nonsrugor 1949 
Pot,. end Apt.. - 

Kirilofie. 
Cor.keech Sill ' 	 - Sill. Monchiquite Sb, Di,-  £hk.P.p. 
Potno Tow.m ' Dpi. M000hiq31tic Spinel-olivin.- 

.0.1. boe.nite pym00001te.. 
H.iklehol.e ' Sill M000hiqolte 011.1.. pymonenit., Nb, Di, Ap, Alt.T.p. 

hb. pprónenit.. 
Dpi.. Monchtqnit.. 011cm. nedule. 

0.0.015. Sill ' Sb, OS, Alk.F.p. 
5.00. or Apm Upper C.rb. Vent Agglo..met. Spinel thernoiit. Tyr.11 1918 

WhIt. 1963 
Ore...,, Contl. ' IVent Agglo,em.te Spinal ihemnohite Alt.?.9. M0AS0.gor 1949 
Block Rock ' Vent '' Sin. pymournite 	- Aol. 8a.1U. 1919 
(Poirlie) 

• 	 A) 811TH 

Howl. Nib Lower Comb. Dpi. 011cm. bo.olt Anortho,it.', dunite, Roche 1919 
- ppmoe.nite, (obbro, 

.empentmnit.,  
ppmonenite. 

•) CA1TNNESS 

Dunc.n.by  Nell Vent and .h.et L551o.er.te, Spinel .ohrlite, spinal Si. fl.tt 1911 
bo..nite. pyrozenit.. H.dAl. 1978 

f) SHVERMES8 - 

Slenflenen Peri Dpi. Monchiquit. Spinel ther.wlite, pot W.lk.r ad Be.. 19% 

1) DERBYSHIRE - 

Coltoo Hill Lower C.,b. I Sheet Anel. B.,elt SpineS thernolite R.00d 1963 

b) Co. CORE 

Block Roll-ReM ' 	 '' Vent &gglo.e,.te Rb. pyrun.nit.e Hi, Sb, II. Co. 1966 

1) DIDIPHIES - 

GotchA, Pit, P.ruloe Opt. Monchiqulte PImidotit.. Siap.en and ROche7 1936 8.nq,thur 
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A - Dw.cansby New ,Caithness. 

FIFE 	 - see H9 1-2 	 B - Collon Hill, Ded,yshire. 

C - Black BollHead,CCock. 

GLASGOW 	
•I1 

EDINBURGH 	

TO 

Glenfionan 

Hawk's Nib, Bale. 

5 	 a Cumbroe. 

6
4. Block Rock, Fairlie 

ap S.HeodsofAyr. 

6 Palna area 

Corsiseoch. 

Dunaskin. 

Meikleholm 

Carnochon. 

Kirklof in. 

Z Kellie Law, File. 

8 Fidra and The Lon,b. 

9. Weak Law 

TO. Kidlow Quarry. 

0 	TO 	20 	30 	40 	 Ii. Chesters Quarry. 

SCALE (relies) 





KEY 

VOLCANIC VENTS AND ASSOCIATED 
TUFFS. 

MAJOR BASALTIC FLOWS AND INTRUSIONS. 

I 	 IOOOO. 

VOLCANIC NECKS STUDIED ON THE FIFE 

COAST, NEAR ELIE. 

CHAPEL NESS 	 ELIE NESS 

FIRTH OF FORTH 
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3.1. 
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13. 



14. 



15. 

';ü1trabjc. blocks are commonest within agg1omerates,. they are equally 



LOCALITY SAMPLE SAMPLE DESCRIPTION ANALYSE Ar 0  ATMOS AGE 
MINERAL xlO 2ppm my 

Elie Ness Q2-13 Kaersutite-olivine Kaersutite 1.029 2 376 8.8 309 
pyroxenite nodule. 1.054 2.348 291 

1.152 2.501 - 288 

Elie Ness QI-13 Elie-type I. nodule Mica 5.70 l3.I8 2.4 306 
6.19 13.35 1.4 288 
3.83 8.69 2.1 297 

Elie Ness P-21b Basanite block Whole-rock - - - 260 

:Elie Harbour P-25 Basanite block . Whole-rock - 
- 254 

Duncansby DH-214. Monchiquite Whole-rock - - - 256 
Ness vent, DH-25 Whole-rock - - - 259 
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.17..; 

CHAPPERWO 

Petro'apby and Mjneralo 
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Sample Locality and type 01 ,Cpx 

Major 

Anal 

modal 

Plag 

constituents 

Alk.Fsp 	Amph Mica Glass Ore 

E}{B Elle Harbour basanite block 17 26 35 12 - 	 - - - 10 

Q2-32 Elie Ness basalt block 16 29 11 14 - 	 - - 21 9 

XR-8 Kiricraig plug basalt 17 27 6 23 - 	 - - 17 10 

RPB Ruddoris Point basalt 11 27 8 18 - 	 - - 25 11 

XR-14J4 Kellie Law basalt 12 30 10 10 - 	 - - 26 12 

DH-24 Duncansby monchiquitic boss 18 15 - - 5 	- - - 6 

(indefinable groundmass- 56) 

Q2-23 Elie Ness Type 1 nodule 22 48 - - - 	 30 - - - 

Q2-5 Elie'Ness Type 1 nodule 5 ,O - - 
- 	 55 - - 

Q3-16 Elie Ness Type 2 nodule 6 28 - 9 - 	 57 - - 

Q2-6 Elie Ness Type 3 zodu1e - 55 - - - 	 - 15 - - 

Q-13 Elie Ness Type Ef nodule - - - 21 - 	 60 19 - - 

Q2-27 Elie Ness Type 5 nodule - - - 0 - 	 - 60 - - 
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24 

















32. 



3.3. 



34. 





olivthe: basalt containing a host of inclusion types from anorthosites 

throughbbros to dunites and olivine—pyroxenites. The sheet has a 
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Plate i. 
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Plate ti.. 

Elie Type 1(c) nOdule (N7) composed mainly of 
augite.with rare ollvine. Kaersutite :is séenás 
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Plate 9. 
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Plate 1). 
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Plate 20. 

Plate 22. 
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Table 3-1 

Ma3or-oxide mean, standard deviation, and variance of 

27 analysed basalts from Fife. 

Oxide Variance % Mean 

S102  143.52 2.143 4.593 21.9 

rA1203  1.182 1.397 6.67 

FeO (Tot) 11.98 1.918 3.697 17.57 

MgO 9.O4 2.325 5.1f06 25.81 

CaO 9.57 10802 3,2)4.7 15.51 

Na20 3.26 1.239 1.536 7.34 

K20 1.60 0.735 0.514.0 2.58 

PO5  0.92 0 .5 82 0.338 1.61 

MnO 0.50 0.333 0.111 0.53 

Tb 2  2.97 0.308 0.095 0.14.5 

Total 97.90 20,942 100.00 

* t 
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of the major—oxiaes for 27 analysed basalts from Fife. As 

can be seen, no one. oxide accounts. for a substantia1 amount 
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material or fractionation of phases óthèr than those present in the 
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o Elie Ness & Kmcroig Hill 
• ElieHarbour 
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£ Coolyard Hill 
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some of the Fife rocks are nótiàeably less caiciethan corresponding 

phenócry-st cores from the same rocks, and secordJ.y the core analyses 
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amount of'theenstatite component(up to 45 mole %) to bein solid- 
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state analyses have been prfortned on a11 these samples inô1uing:a 
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albite 
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low albite 

Sample Localities 

• Coalyard Hill 
a Ruddons Point 

' Kellie Law 
V Elie Ness dyke 
O Elie Ness tuff 
O Ardross dyke 

• Fidra 

Data of Hoffer & Hoffer (1973) 

high sanidine 
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MgO 



.58 	 .: 

with hornblend.e, pyroxene or olivine. The FeO.MgO variation shows 

that biotites from groups 
55 
 and 4 nodules formed before those from 

group 5 nodules, assuming a cognate origin. This is supported by 

the more titanifero.is nature of the group 5 biotites. 

e) Garnet. 

Garnet is only found as megacrysts in the tuff at Elie Ness 

Of the two varieties previously described, the supposed xenocrystal 

pink almandine has not been studied in detail. The deep-red, glassy 

garnets are chemically consistent and no great variations have been 

noted from one specimen to another, or within any particular crystal. 

Their average composition is pyrope-rich, Alm20Py66Gr14. The low 

Cr203  content is variable from 0.01 to 0.19%  being most consistent 

at 0.08%. Similarly the TiO2  content is relatively lugh at 0.4%. 

Colvine (1968) compared the chemistry of the Elie pyropes to those 

garnets of similar bulk compositions found in cstal and nodular 

garnet-peridotites and eclogites ard as xenocrysts in kimberlites 

and diatremes. Chrome and titanium content of the Elie pyropes set 

them apart from the majority of the other occurrences, chrome 

generally being much lower and titanium much higher in the Elie 

specimens • The only closely corresponding garnet was pyrope from 

an alnöitic breccia pipe. Colvine concluded that owing to the 

Elie pyrope's dissimilarity with the gamete from other environments 

it was unlikely to be a xenocryst from the breakdown of an ultrabaaio 

S 	 body., and that it may have crystallised. from basic alkaline mma. 	.. . 

S. 	 at depth. The high MgO and low 203 (0.4%) contentof the. pyrope 
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7.1 to 7.8%; CoalyarcI Hill 8.0 to 8.3% -and. Duncan2by Ness 9.0 to 
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been possibie to analyse amp1es 'from 'two of the lherzolites, from 



63. 	 1. 

0.83. Similarly, the spinel from the Fidra wehrlite is very iron- 

rich (PeO/Ngo=.1.5) and much less chroinian'(3to 5%)' than those of 
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CHAPTER FIVE 

C1ino,yzóxeiie soljd-solutjonE and. alumina variations an indicators 
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Diopsid.es from ).herzolite iuo1usiozs presented in Pig 5-3 
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plotting low on the 'P' axis, also have higher proportions of Ti-Ts 



within the anu].jte facie5 and jadeite more stable. In the eclogite 
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Table 5-i 

Comparison of Elie Ness sub-calcic augite megacryst 
composition with pyroxenes from garnet-iherzolites  

and eclogites. .: 

Oxide Elie Cpx 	A 	B C 	D  
Si02  51.00 	5)+ .76 	55.91 50.20 	51.19 
A1203  . 	 8.16 	8.33 	2.5 8.37 .. 	8.85 
Ti02  0.62 	 . 0.30 0 .51 	0.29 	: 
Fe203 

 0.47 	1.30 	•.- 1.58. 	0.51 	: 
.FeO .. 	., 	5.81k 	2.70 	5.66 5.72  

MgO 16.73 	11.59 	21.37 19.00 	19.12 
CaO i.86 	16.35 	13.65 13.28 	13.81f. 
Na20 1.17 	1+.63 	1.50  0.87 	0.85 

• : 	K20 ::. 	 ... O.00 	. 	0005 .0.02 	0 .00 	• 	.: 
• 	:.Cr0 . 	0.18 	 0.32 - 	0.20  

MnO . 	O.lIf 	0.0 	. 0.15 o.16 	. 0017 

Total 100.17 	100.19 	101 .lO 99.95 	99.84 

 Eclogite nodule E, Kao kimberlite pipe, Lesotho. 
From p.108 of 'Lesotho kimberlitest ed. P.H.Nixon, 1973. 

 Garnet-pyroxenite nodule, 1600 C7B, Thaba Putsoa. 
From. p 	68 of 'Lesotho kirnberlites 1  (ex. Boyd and Nixon). 

 Garnet-pyroxenite xenolith, 68SAL-6, Salt Lake Crater, 
Oahu. From Yoder and Tilley, 1962, J.Petrol 3, Table 41. 

 Subcalcic cllnopyroxenite inclusion in alkaline 
trachybasalt, 2R 	MIN-Y, 'Mindora', New South Wales. 
From 5.F.G.Wilkinson, 1973 2  Contr.Miner. Petrol, 	, 
Table 6, p  260 
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• 	spinel in the Sp11Px59  composition dissolved in the augite below the 

solidus. Similarly it is seen that the bulk of the spinel in the 

5p6Px94  composition entered the augite structure below the solidus. 

Within the limits of the data available from the experiments it appears 

that the maximum amount of spinel able to enter the natural augite 

before liquid appears, is about 6%.  The decrease in the amount of 

free apinel rema.ining in the Sp11Px39  charges above the solidus may 

be due solely to spinel entering the liquid phase, and it is thus 

possible that no more spinel dissolves in the augite above the 

solidus. If 6% spinel can dissolve in the augite under sub-solithis 

conditions, it follows that an equivalent amount could exeolve from 

the spinel-saturated augite (which would contain over 12% A1 203 ). 

The best available data shows the actual spinel content of the nodules 

to be about 5%. It is thus possible for all the spinel in the 

nodules to have exsolved from the augite. In this case the homo-

genised augite would have contained over ,  11.5% Al203  prior to spinei 

exsolution, and would be correspondingly depleted in calcium 

(18.4% CaO). Fig 6-1 shows that isobaric crystallisation of a 

composition equivalent to that of the bulk-nodule would commence at 

about 15000C  with olinopyroxene as the liqutdus phase. The solidus 

would be encountered at about 13 50
0C and at a temperature of about 

- 1300°C the cooling augite would intersect the Sp-.Cpx solvus an spinel 

would be exsolved. Hence at this pressure and under dry conditions, 

the spinel in the pyroxenite nodules could have been entirely exsolved 

from the augite provided the original pyroxene crystallized from some 

magma of its own or other suitable composition at a temperature greater 

than 1300°C but less than 1350°C. Chemical data (see Chapter 5) 
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Table 6-i 

s. 

Plotted run results on anorthoclase-RPB samples. 

Run No. P kb T °C Time mins. Cap. Phases. 

An-i 10 1000 360 Pt Cpx, Ani, Mag 

An-3 10 1000 60 Pt 

An-lf 10 1100 30 Pt 

An-6 10 1200 30 Pt Cpx, Gi 

An-7 10 1150 30 Pt Cpx, Gi, 9Anl 

An-8 10 1250 20 Pt Cpx, Gi 

An-9 15 1150 If0 Pt Cpx, Ani, Mag 

An-b 15 1200 30 Pt Cpx, Ani, 9G1 

1 An-ll 15 1250 30 Pt Cpx, Gi 

An-12 15 1300 20 Pt Cpx, Gi 

An-13 15 1350 20 Pt Gi 

An-lIf 15 1200 1)~If Pt Cpx, Gi 

Gas-i 5 1050  T60 Pt Cpx, Ani, Mag 

Gas-2 5 1150 10 days Fe Cpx, Ani, Gi 

Gas-3 - 	 5 1200 12 days Fe Cpx, Ani, Gi 

Cpx. . . . .Clinopyroxene Ani.. . . .Anorthoclase 

G1. .. ..Glass Mag. . .. .  Magnetite 



- - 	 - 	 - 

Table 6-2 

Plotted run results on spinel-clinopyroxenite nodule. 

Run No. 	P kb Phases T °C Time mins. Cap. 

11-I. 	18 1300 360 Pt Cpx, Sp 

11-5 	18 1400 360 Pt Cpx, Sp, Gi 

18 1350 360 Pt 

11-6 	18 1450 360 Pt Gi, QuCpx, Cpx 

11-7 	18 1425 305 Pt Cpx, Gi 

6-6 	18 1300 370 Pt Cpx, Sp 

6-B 	18 1325 330 Pt Cpx, Sp, Gi 

6-7 	18 1350 360 Pt Cpx, Gi 

6-x 	18 1100 360 Pt 

2.5-1 	18 1300 360 Pt Cpx 

8-1 	18 1410 290 Pt Cpx, Gi 

Cpx ...... clinopyroxene 

Sp.....Spinel 

Gi.... .Glass 

QuCpx. .. . .Quench clinopyroxene 



Table 6-3 

Plotted run results on Elie sub-caicic augite megacrysts. 

Run No. Phases 	. 
: 	P kb T °C Time mins.. Cap. 

E-1 30 1250  355 Pt Cpx, Gt 

E-2 25 1220 360 Pt 

E-3 20 1210 450 Pt Cpx 

22 1220 450 Pt Cpx, Gt 

E-5 22 1360 50 Pt Cpx 

E-6 2 1350 450 Pt 

E-7 25 1300 480 Pt Cpx, Gt 

E-8 25 1450 360 Pt Cpx 

E-9 30 1350 390 Pt Cpx, Gt 

E-10 30 11+50  405 Pt Cpx 

E-11 25 1500  360 Pt Gi, Qu.Cpx, Cpx 

E-12 30 1L00 I.20 Pt Cpx, Gt 

E-13 30 1500 }20 Pt Gi, QuCpx, Cpx 

Cpx. ....Clinopyroxene Gt.....Garnet Gi ..... Glass 

QuCpx.... . .Quench. clinopyroxene 



Table 6-L 

Composition of Duncansby Ness spinel-pyroxenite phases. 

Oxide Spinel Nodule (R-1) Augite 

Si02  9.05 0.12  

- A1203  9.53 9.19 61.57 

Fe203  3.08 2.51 NA 

FeO 3.55 17.70 

Ig0 15.02 14.49 19.76 

CaO 17 26 19.16 0.00 

Na20 1.37 0.01 

K20 0.13 0.01 0.00 

Ti02  0.96 1.17 048 

Cr203  - 0.01 0.02 

MnO 0.06 0.00 - 

Total 97.2l. . 100.38 99.65 

Trace elements (XR-1)ppm CIPW Norm (XR-l)wt% 

Ba 	T 	Ce T Or. 	0.79 Mag 	).6o 

Zr 	T 	V 362 Ab 	1.53 Ii 	1.88 

Sr 	68 	La 95 An 	20.04 

Rb 	T Ne 	5.61. 

Ni 	266 Di 	53.52 

Cr 	5i- 01 	12.01 

T denotes concentrations less than 5ppin. 



Table 6-5 

Analysis of garnet exsolved from Elie Ness augite at 

12500C, 30kb (poitit A 	'ig 6-3) compared with that of 	- 

an average pyrope megacryst from the same locality. 

Oxide Pyrope A 

3102 1 1430  1+1.60 

A1203  23.20 23.30  

FeO 10.20 10.60 

MgO 16.00 18020 

CaO 8.30 5.30 

TiO2  0.80 o.IfO 

Cr2 03  0.04 0.08 

MnO 0.00 0.35 

Total 99 99083 

Mole % end-members based on 6a0. MgO and FeO. 

Pyrope 57.80 66.30 

Grossular 21.50 13.70 

Alinandine 20.70 19.30 
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• 	examples are from New South Wales, Japan, 1ew. Zealand.,. Dreiser Weiher,: 

and the southern USA and Mexico. They are often associated with 

feld.spar and pyroxene megacrysts, and have generally been assigned 

a cumulate origin from alkaline magmas within the lower crust. The 

New South Wales examples- (Binns 1969,  Bus, Duggan and Wilkinson 

1970, Wilshire and Binns 1961) include amphibole-pyroxenite nodules 

and megacrysts of sub-calcic augite, pleonaste, kaersutite, anortho-

clase and ilmenite. Binna et a].. (1970)  concluded that substantial 

fractionation of the megacryst phases would only aligt1y alter the 

nature of the host liquid and would be insufficient to act as an 

important agent in the evolution of widely varying basalt types. 

Dickey (1968) did, however,use this medium to explain the production 

of a host melanephel ini te from alklf -divine basalt by fractionation 

of megacrys tal anorthoclase, pyrope and 	normative pyrox ens. 

Binne (1969) proposed that both the NSW nodules and megacrysta were 

cognate phases crys tallised near the crust-mantle interface. 

Discussing the kaersutite-bearing nodules from Iki Island 

(Japan) Aold. (1970a)  concluded that they were cognate accumulations 

from within the stability field of kaersutite, which he placed at a 

maximum of 13kbs (40kms). In a further paper (1970b) he places the 

co-precipitation of andesine and. aluminous clinop oxe megacx'yats 

at depths of 30 to 60kms in dry conditions. Le l4aitre (1969) con-

cluded that since the breakdown of kaersutjte (Tristan da Crnths) 

took place at pressures lees than 1.4kb (= 	U the assemblage 

kaersutite-clinopyroxene-plagioclaae would be stable from 1.4 to 6kb 

in hydrous basalt melts. Borley et a].. (1971)  limited the conditions 
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of. formation of kaersutite-pyroxenites from Teneriffe to 9-10kb at 
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(1973) purport to give estimates of P-T conditions of equilibration 

of lavas, nodules and meganrysts from Baja California, Mexico. The 
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variation diagrams was also noted by these authors, who estimated 

that the biotite—pyroxenite composition might approxima.te to that 
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from Elie Ness; and carry a jumble of fragments and crystals to the 

surface, sampling all, the types and layers of accumulated material 
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Fife and Derbhire, and: closely resemble the co!nmou occurrences 
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List of analysed rock specimens. 

• 	

. 	 •.X-1 .Spinel-pyroxenite nodule, Duncansby Ness. 

XR-2 Basanite block from tu.ff, Elie Ness. 

XR-3 Elie-type 1 nodule, Elie Ness. 

XR-I. Basanite block from tuff, Blie Ness. (Q3-1) 

XR'5 Analcime basanite, Kidlaw Quarry. 

XR-6 Ruddons Point basalt. 

XR-7 Gullane sill basalt. 

XR-8 Central plug basalt, Kincraig Hill. 

XR-9 Basanite block, Elie Harbour. (EHB) 

XR-lO Basartite block, Elie Ness. (Q2-32) 

XR-ll Elie-type 1 nodule, Elie Ness. (Nod.7) 

XR-12 Arialcime basanite, kidlaw Quarry. 

XR-16 Basanite block, Kincraig Hill. 

XR-17 ii 	ii 	 TI 	 It 

XR-18 it 	 it 

XR.-19 Central plug basalt, Kincraig Hill. 

XR-20 Basanite block, Elie Harbour. 

XR-21 Chapel Ness basanite. 

XR-22 Basanite block, Coalyard Hill. 

XR-23 TI 	 TI 	 it 	 It 

XR-2)  Elie Harbour. 

XR-25 IT 	It 	TI 

vi 	 It 	It 	it 
,• 

XR-27 Analcimic basalt, Calton Hill. 

XR-28 Basanite block, Ardross vent. 

XR-29 Lherzolite-bearing sheet, Coalyard Hill. (GH-7) 

XR-30 Anorthoclase rich sheet, Coalyard Hill. (CHA) 

XR-31 Basalt plug, Duncansby Ness. 

XR-32 II 	It 	 II 	 Ii 

XR-33 }4onchiqultic dyke near Castletown. 

XR-34 Elie Ness dyke. 



List of analysed  rock specin'ens (contd). 

XR-35 Basanite block, Ardross vent. 
XR-36 Lherzolite inclusion, Coalyard Hill. (CH-7) 
XR-37 Ardross dyke. 	(AN-+) 
XR-38 Lherzolite inclusion,Ruddons Point. 
XR-39 Bute host-rock. (B-li) 
XR-I.O Anorthoclase rich sheet, Coalyard Hill. 
XR-Ijl Nonchiquitic block in tuff, Elie Ness. 	(Q3-20) 
XR-43 Kellie Law basalt body (su'nrnit). 

I I 	l I 	 It 	(roadside). 

XR-15 Analcime basanite, Fidra. 
XR-)+6 Elie-type 5 nodule, Elie Ness.(Q2_27) 

Elle-type 3 nodule, Elie Ness.(Q2....6) 
XR-0 Elie-type 1. nodule, Elie Ness.(Q3_6) 

)M-9 Lherzollte inclusion, Fidra. 	(F-i) 

4 



List of microprobe specimens. 

n . P-b Elie-type 1 nodule, Elie Ness. (Q3-2) 

P-il Elie-type lz- nodule, Elie Ness.  

P712 Elie-type 1 nodule, Kincraig Hill. (H-i) 

P-13a Anorthoclase rich sheet, Coalyard Hill. (C11A2) 

P-13b Pyroxenite (type 1) nodule from same sheet 

as P-13a. 	(CH.A2) 

P-1)a Lherzolite inclusion and host, Coalyard Hill. 

P-lIfb It 	 It 	 It 	 It 	 It 

P-15 Lherzolite nodule (from borehole), Kidlaw. (KI) 

-.P-19a Lherzolite nodule, Duncansby Ness. (DH-]J+) 

P-19b It 	 II 	 It 	 II 

P-20 Tonalite nodule, Duncansby Ness. (DH-7) 

P.21a Basanite block, Elie Ness. (Q3-28) 

P-21b It 	 It 	It 	(Q2-32) 

P-21c It 	It 	 II 	lI 	(Q2-12) 

P-22 Vesicular basanite block, Elie Ness. (Q3-11) 

P-23 Monchiquite block, Elie Ness. (Q3-20) 

P-24a Lherzolite inclusion, Ruddons Point. (E-1) 

P-2b Ruddons Point basalt (R-2). 

P-25 Basanite block, Elie Harbour. (EHB) 

P-26 Basanite plug, DuncansbY Ness. (DH-21) 

P-27a Harzburgite inclusion, Bute. (B-i) 

P-27b Bute host rock. (B-b) 

P-28 Pyroxenite inclusion (borehole), Coalyard Hill. 

P-29 Pyroxenite inclusion, Bute. (B-1.f) 

P-30 Elie-type 5 nodule, Elle Ness. (Q-27) 

P-32 Elie-type 2 nodule, Elie Ness. (Q3-15) 

P-33 Elle-type 3 nodule, Elie Ness. (Q2-6) 
Elie-type 1 nodu'le, Elie Ness. (Nod.7) 

P-35 Elie-type 2 nodule, Elie Ness. (Q3-l6) 

P-36 Elie-type k nodule, Elie Ness. (Q3-6) 

P-37 Lherzolite inclusion, Fidra. (F-i) 

P-38 Central plug basalt, Kincraig Hill. (XR-8) 

P-39 Wehrlite inclusion, Fidra. (F-5) 

P-IfO Basanite plug, Duncansby Ness. (DH-21f) 

P_I_1 Wehrlite inclusion, Coalyard Hill. (CH-12) 



Correlation chart of microprobe and XRF sauiples. 

Sample Locality Probe No. XRF No. 

Kidlaw Quarry P-15 XR-5 K(B) 

Ruddons Point P-.21!..b  

Elle Ness P-21b XR-iO Q2-32 

Elie Harbour P-2 XR-9 EKB 

Coalyard Hill P-1I.a,b XR-29 CH-7 

'I P-136L,b XR-30 CHA 

Duncansby Ness P-26 XR-31  

Ruddons Point P-21f..a XR-38 E-1 

Bute P-27b XR-39 B-li 

Elie Ness P-23 XR-IF1 Q3-20 

1 	1? P-30 Q2-27 
I 	I I P-33 XR-I.7 Q2-6 
11 P-36 xR-8 Q3-6 

Fidra P-37 XR-L1.9 
1. 

F-i 

Kincraig Hill P-38 XR-8 XR-8 

Fidra P-39 - F-5 

Duxicansby Ness P-14.O XR-31 DH-2t. 

Coalyard Hill P-).f.1 - CH-12 

Duncansby Ness BX XR-1 DHBX 
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Ultrabasic inolisions in basnitic rocks are of restricted occurrence 
in Britain, being fOurd only in rooks of Carboniférous or Pormian age. 
As such they are amongst the ,oldet known occorrenoes in the wOrld and 
yet have never been, studied in detail. 

The present work has concentrated on a series of late. Carbonirous 
or early Pormian tuff-pipea and minor intrusions on the 1"ifo coat "*ioar 
Elie. These contain a wide variety of franental materials and 
megacryste. Purther detailed work was carried out on a vent at 
Dunoansb.y Ness, Caitimoss, which is host to spinel-lherzolite, spinel-
wehrljte and opinel-roxenite nodules. Samples of inclusions were alsO 
studied from Fidra, Kidlas and lJoak Law, East Lothien; Hawk's Nib, Bute 
and Calton gill, Derbyshire. Geochemical data collected, from this 
material are described, and these, along with results of high-pressure 
experiments, axe used, to postulate a petrogenetic model for the Fife 
volcenios. 	. 

coast, tho'lie 'Noes vent contains the widest variety of fragments and 
mégacrysts of basic and ultrabasic material.. Five types of coarse-
grainod, alkaline, mafic and ultrainafic fragments (Blie-typo nodules) 
were distinguished:-  

Type 1. Kasreutite-olivine-pyroxenite. 
Type 2. a Type 1 plus oligoolase. 
Type 3. Biotite-pyroxenite. , 
Type 4. Sodic amphibole-biotite-a1bite. 
Type 5. Bjotite-albite.  

Negarryats of' sodlo anorthoclaso of high-temperature etruotu'o, 
pyrope, sub-calcio augite and kaorsutito are also common in the tuff, 
and scattered representatives of aizailar Elie-type nodules and magacryats 
occur in other vents.' The basaltic rockó associated with this 
material are alkali-basalts trending via baaañites toward nionohiquitea, 
with normative nephelino from 1-17%.  The most undersaturated rooks, 
found at Xlio Harbour and Phapel Ness, contain no Elie-type nodules or 
inegacrysts. The, fluddone Point basalt (RIB), one of the most basic rooks, 
contains spinel-lherzolite inclusionso and in common with the other 
lherzolite-bearing sheet at Coal.yard Hill is free of Elie-typo nodules. 

The composition of the augite and pyrope negacrysta indicates 
oryatallisation from a basic alkaline liquid. Ecperimental studies show 
that those phases could haze  coprecipitated - from an alkaline basalt magma 
at P> 25kb, P = 1300-1450 C. It is proposed that the primary magma 
for the Fife volcanica was formed by 10-159% partIal melting of a vapoux-
free, mica-bearing garnet-lherzolite at a depth Of Cas lOOkmns, and that 
the 'eclogitic' pyrope and augito mixture orystallised. from this liquid 
at depths 	> 701css. Geochemical studios of pyrOxenes from the Elie- 
type nodules indicate that they crystallised within the lower crust. It 
is proposed that the Types  1 and 2 nodules are cumulates from the 
alkaline/ 

Use other side if necessary. 
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alk4ine liquid, with intercuTlnilus kaersutitè representing the 
composition of liquids intermediate on the Fife baaalt trend. 
Advanced fractionation àf wroxene could produce the most 
undersaturated, nodule-free eruptives. The Type 3 nodules may 
represent basaltic liquida v  at the basic end of the Fife, trend, 
crystallioed at pressures from 10-15kb, 	jpes 4 and  5 nodules may 
represent crystaUisat).Qn products of a trapped body of Iydroua liquid 9  
possibly remnant from the formation of Type 3 nodules, 

Experimental work on the stab1liir of anorthoolase in EPB Shows it 
to be present in the liquid field at P < 9kb (dry), anti it is thought 
that crystaflisation of anorthoclase may be the final phase of Types 4 and 
5 nodule formation, The build up in volatile prossure led to on eruption 
so violent as to strip the cumulates from the lower crust, sample 
frenents of basement rock, and carry unrosorbeti garnet and augite from 
depthS of over 70lansa. This may ifldioate that a magma column up to 
50lans long existed prior to eruption. The spinel-Thersolite inclusions 
from other localities mar represent crystal-cumulates from, a late-stage 
basic liquid, ,injeoted into iing.-fracturos and as shoots within vents. 

Experimental studies on black, pleonaste-cUnopyroxenites from 
Duncansb Ness, Cattimess, show that up to: 5  wt % of the. spinel could have 
been exo1ved0from the augite at pressures close to 18kb and temperatures 
of about 1300 C under: d±y conditiOns. : The large size of these pyroxen-
itea, together with their, lack of subsequent'low-preesure or hydrous 
recrystallisation indicates that a deep-aeateti violent,, eruptive episode 
similar to that postulated for Elie Ness, nay have taken place. 



Basalts 	1 

2 1+ 5 6 7 8 9 10 12 16 17 16 19 20 21 22 23 

8102 45.83 1.1.66 1.5.10 Li.75 1+6.13 41+.60 45.1.1 45.36 45.09 45.21 1+ 3.76 1.5.20 44.69 1.5.82 1.3.91 39.1.7 1.2.53 

17.81 
Al. 0 13.91. 12.73 1J..83 13.69 15.69 14.51+ 15.19 1.1..53 14.99 14.78 13.68 15.10 10.40 15.17 10.1.2 16.39 

7•07 9.79 5.69 3.95 12.77 l+.18 5.2'. 5.81. 5.63 5.51. 6.1+3 5.63 0.01 5.87 3.57 7.36 7.3'. 
PeO 2 

I..86 5.1.1 6.29 8.21. 7.59 5.06 5.16 6.23 6.01 6.26 5.53 7.1.2 0.76 7.33 6.37 5.21 
FeO 

Mgo 8.03 10.95 8.00 10.09 6.16 9.63 7.00 8.51 8.19 7.76 11.1.9 8.11+ 10.11. 6.96 9.39 7.51 5.51 

8.65 10.56 8.15 10.38 9.97 10.11. 9.33 10.16 8.23 9.76 8.48 8.17 9.89 8.92 9.62 11.58 9.21 
CaO 

14520 3.70 1.79 0.36 2.79 3.51 3.17 5.56 3.71. 3.91+ 2.78 2.31 4.61 3.07 l..61. 1+.61+ 1.05 3.50 

2.26 
1(20 2.00 0.89 1.83 0.67 1.75 0.66 1.36 1.11 2.01 2.10 1.51. j.13 0.1.5 1.61 1.09 3.66 

0.18 .0.79 0.96 0.16 0.01. 0.07 0.1.1. 0.15 0.82 0.67 0.72 1.02 0.92 1.90 1.10 2.09 1.1.3 

MnO 0.97 0.79 0.22 0.20 0.11. 0.20 0.97 0.19 0.20 0.68 1.00 1.02 0.20 0.95 0.20 0.06 0.1.7 

T102 2.78 3.12 2.87 2.61 2.1.5 2.89 2.85 3.15 2.90 2.98 2.79 2.93 2.86 2.66 2.72 3.53 l+.09 

Total 98.01 98.1.8 98.30 97.53 98.63 97.69 98.14 3 97.94 98.23 98.1.7 96.46 98.76 98.05 99.1.6 98.19 99.07 99.38 

Minor elements 	ppm ( I denotes lass than 5ppm) 

Be 3960 1980 2083 1054 1.96 1115 977 1792 1732 3062 710 973 1333 726 81.9 1054 1.1.91. 

Zr 278 357 515 311 157 460 393 351 427 384 220 327 1.12 382 326 316 334 

Sr 641+ 932 101.0 1227 382 1514 1031 852 1217 7146 1.97 610 1259 955, 858 477 706 

Rb 31 15 20 12 58 19 25 20 27 63 28 20 16 37 20 53 37 

NI 317 311 60 239 1 118 117 280 103 166 320 242 191 162 207 240 lii. 

Cr 195 209 125 207 79 214 231 226 102 246 31+2 288 237 25'. 227 282 196 

Ce 205 357 589 230 128 273 330 338 579 271 81 11!. 231 296 162 122 108 

V 234 229 161 221 21.9 211. 209 207 172 21.8 230 225 163 200 217 214 278 

Os 106 129 164 117 78 122 151 122 189 134 66 88 91 105 142 103 90 

CIP'd norm ( with standardIsed oxidation ratio) 

Or 12.24 5.45 11.15 4.07 10.64 1+.13 8.42 6.74 12.23 12.83 9.1.3 8.75 2.74 9.87 6.65 13.87 

Ab 18.03 11.1.1 16.73 . 	 18.83 12.89 18.80 15.06 17.69 16.02 10.98 16.11 19.35 21.52 16.70 11.19 9.40 

An 16.08 24.96 15.97 23.52 22.52 20.06 12.82 20.11 17.80 22.38 23.21 16.86 21e.95 16.1.0 14.86 30.22 26.92 

Na  1 	 7.80 2.33 11.55 2.96 9.57 1..73 18.16 8.02 9.93 5.06 2.21+ 11.1.0 2.86 11.9'. 16.83 4.98 112 

11 	. 5.1.7 6.11. 5.62 5.10 l..79 5.63 5.59 6.1'. 5.67 5.85 5.1.9 5.76 5.60 5.63 5.33 6.9,. 8.00 

01 11.85 18.80 12.1.8 16.05 16.03 14.82 6.97 10.67 13.09 11.10 21.01. 12.33 16.19 8.65 12.38 12.10 8.17 

Di 22.72 23.52 20.60 23.57 23.56 22.00 27.93 25.27 19.1.1 22.13 16.23 20.04 20.43 23.59 27.41 20.25 16.14 

Woll 

Mag 5.81 7.38 5.89 5.89 5.83 5.05 5.36 5.83 5.68 6.25 5.50 5.70 5.22 5.31.. 6.72 6.07 

Leon 
. 17.55 

Cs Ort 1.25 

O•R• 0.59 0.64 0.48 0.32 - 0.36 0.51 0.53 0.48 0.48 0.51 0.51 0.35 0.55 0.33 0.54 0.59 



Basalts 2 

2). 25 26 27 28 29 30 31 32 33 31. 35 37 39 41. 43 LI. 1.5 

S1 2  1.6.73 45.30 1.5.23 41,.73 1.2.56 38.87 1+1.86 1.5.87 45.06 1+0.33 40.28 40.3 1+ 1,3.04 41.18 45.25 41.80 1.3.59 4 4.59 

A1.0 15.38 15.11. 15.18 11.12 13.79 11.58 1I..61, 10.74 11.01+ 10.17 12.78 15.29 13.83 12.13 14.73 14.23 15.46 15.61 

Fe203  5.36 6.,4 5.31 12.99 6.18 7.59 7.34 5.66 5.57 11.72 8.78 7.90 6.95 4.62 1+.72 5.67 5.82 2.66 

FeO 5.32 1.25 1.79 - 6.20 6.63 9.00 I,.99 4.90 - 6.16 7.10 6.79 7.89 6.18 6.91 6.89 7.59 

hg0 7.35 7.07 7.13 11.00 11.25 13.35 7.29 10.80 11.82 11.25 7.35 14.47 13.78 15.00 6.99 10.61, 9.70 9.59 

CaO 9.09 9.93 9.13 9.15 10.83 13.31+ 9.1.6 11.91. 10.76 10.09 13.72 1+.95 5.86 8.68 10.08 IC.t,1 9.93 9.50 

4.53 4.67 5.07 2.52 2.46 1.56 2.31 2.95 3.67 2.1.8 I..].). 1.34 1.76 1.74 4.04 3.21 2.97 1.67 

M20 1.67 1.67 1.65 1.15 0.74 1.61 2.05 1.53 1.31 1.35 1.22 2.79 2.33 0.97 2.32 1.51 0.63 0.97 

P205  1.92 1.74 1 .16  0.69 0.66 0.94 1.32 1.38 1.51+ 1.53 0.53 0.43 0.94 0.27 0.65 0.37 0.68 0.59 

MnO 0.91 0.91. 0.86 0.20 0.33 0.16 0.23 0.19 0.19 0.05 0.50 0.33 0.10 0.18 0.17 0.19 0.17 0.15 

Tb 2  2.77 2.81. 2.85 2.22 3.06 2.77 2.88 2.25 2.29 4.1.6 2.53 3.35 2.87 2.12 2.95 3.08 3.20 2.72 

Total 101.03 98.99 99.96 98.77 98.06 98.40 98.38 98.30  98.15 99.1,3 97.99 98.29 98.25 97.78 98.08 98.22 98.03 98.84 

Mir.or elements ppm (T denotes less than Sppm) 

Ba 91+C 954  912 1+38 1581 988 2055 1668 1509 1577 121+6 888 1073 155 1313 11.28 1369 895 

Zr 344 332 354 178 232 21.4 31+4 288 278 375 304 267 214 152 330 261 297 264 

Sr 1079 9).4 1131 1+53 709 701 1137 1107 958 1290 758 - 1,71 732 757 938 1067 1138 857 

Rb 25 23 25 26 1 39 51 18 20 27 25 36 57 27 59 31 22 18 

83 216 234 	1 217 311 306 280 122 273 330 40). 163 349 175 413 131. 174 159 193 

Cr 263 269 290 31.0 310 236 129 .39'. 1+55 1,63 19). 393 21.6 1.61 168 192 . 	 152 21). 

Ce 1.30 121 132 70 95 104 21), 140 165 163 116 112 130 67 1).4 115 133 100 

V 206 189 213 201 217 189 196 166 182 321 226 261 267 261, 266 280 281 . 	 258 

La 97 89 93 44 69 85 179 111 128 117 113 96 91 L4 60 55 52 37 

CIPW norm C With ntnndnrdieed oxidation ratio) 

Or 10.07 1C.23 10.15 7.31 4.51 12.54 9.37 8.02 0.05 16.95 14.20 5.89 14.11 9.19 3.84 5.21, 

Ab 18.79 15.44 14.91 18.1,3 11.38 8.93 9.95 9.82 8.40 15.09 15.14 9.57 3.36 19.23 13.25 

An 17.04 14.17 14.3 6  24.56  25.19 21.91 24.31+ 11.96 10.13 13.10 13.14 25.21, 23.67 23.05 15.65 20.55 27.83 19.1,3 

He 11.01 15.69 16.12 1.93 5.47 5.97 6.12 8.62 12.10 11.79 19.65 1.76 0.14 13.87 13.33 3.62 14.61, 

II 5.37 5.59 5.64 4.35 6.00 5.14+ 5.66 4.L,3 4.50 8.79 1..98 6.54 5.62 1+.14 5.77 6.02 6.26 5.27 

01 9.41 8.26 7.75 19.94 17.28 22.68 14.61. 11.15 14.25 28.42 7.29 32.69 29.53 25.1.8 7.00 15.1+8 14.62 15.32 

01 23.15 25.39 26.14 17.77 21,.08 21..41 19.70 39.30  35.87 31.40 38.92 5.02 16.86 28.65 25.98 18.36 22.92 

Mag 5.18 5.22 4.91. 6.02 6.08 6.96 8.07 5.23 5.30 - 7.28 7.33 6.73 6.19 5.37 6.09 6.25 3.93 
lose 7.71 6.45 5.85 

Ca Ort 4.92 2.89 

Cor 1.10 

Hy 3.25 

1. 

O.R. 	0.50 	0.60 	0.53 	- 	0.50 	0.53 	0.1.5 	0.53 	0.53 	- 	0.59 	0.53 	0.51 	0.37 	0.43 	0.46 	0.46 	0.25 



Nodules & Inclusions 

L herzolites 
	

Elie Ness nodules 
36 38 19 3 

A 

11. 

A 

47 

B 

•48 

C 

1+6 

0 

SiO
2  

1+8.13 42.76 1+3.96 1+2.92 39.75 1+1.29 38.86 1.1.58 

A1203  2.25 2.38 2.46 7.32 6.10 8.11 15.149 13.96 

Pe20 3  5.05 1.78 1.38 4.58 l+.5O 14.1.7 5.20 5.68 

FeO 6.59 7.00 7.11+ 7.20 5.16 9.62 8.93 13.72 

MgO 26.70 39.45 37.93 16.00 13.19 15.67 8.56 9.76 

CaO 9.47 2.60 3.59 13.37 21+.45 10.53 11.63 1.57 

Na20 0.22 0.22 0.57 1.66 1.26 1.17 3.1+2 2.15 

1(20 0.03 0.01 0.13 2.37 0.36 4.34  2.16 5.90 

0.09 0.62 0.02 0.01+ 0.06 0.04 0.22 0.01 

MnO 0.15 0.06 0.12 0.014  0.16 0.23 0.18 0.22 

T102  0.31 0.19 0.20 1.93 2.35 2.52 4.70 14.32  

Total 98.99 97.07 97.50 97.1+3 97.34 98.02 99.35 98.87 

Minor elements 	ppm (T denotes less than 5ppm) 

Be 67 T T '.06 117 2007 1819 2315 

Zr 11 T 7 135 109 119 
1 86 13 

Sr 297 1 11 244 306 248 1006 223 

Rb 8 10 9 94 1 158 38 220 

Ni 1700 2055 1892 264 304 334 83 95 

Cr 2608 2782 1995 760 667 473 33 18 

Ce 21 29 25 1 1 32 68 21 

V 77 61 70 221 272 162 46 302 

La 87 23 1 121 67 7 36 6 

CIPW norm 

Or 0.18 0.06 0.79 35.34 

Sb 1.89 1.76 I+.95 2.54 

An 5.13 5.78 3.87 5.67 8.87 1+.2'. 20.75 7.90 

Ne 7.82 5.16 5.49 15.83 8.61 

51 0.60 0.37 0.39 3.77 3.99 4.90 9.02 8.32 

01 18.85 66.10 65.82 19.33 45.60 26.67 10.37 27.74 

Dl 33.42 5.99 11.36 1.2.70 -2.85 26.62 21+.02 

Hag 7.141 2.68 2.05 6.82 5.83 6.63 7.62 8.35 

My 32.53 17.26 10.76 

1.euc 11.28 1.49 20.57 10.11 

Ca Ort 2.62 31.92 4.89 2.26 

Cor 1.20 

O.R. 0.143 0.20 0.16 0.39 0.46 0.32 0.37 0.29 

A. 	Ella-type 1 or 2 nodule B. 	Ella-type 3 nodule e. Ella-type 1 	nodule D. 	Bile-type 5 nodule 



Clinopyroxenes 1  

Phenocryst cores 

CR1. IO2 I 088 I8 

13.8-15 130.2 138-3 138-11 	212-1 212-9 213.4 213-3 210-7 210-9 22-3 22-5 23-3 25.4 243-10 278-1 273.13 

0102 1.6.1.1 .8.51. 47.19 46.60 	46.81 1.8.23 50.10 48.61. 1.7.57. 45.75 51.38 50.28 1.7.67 1.9.33 1.9.1.1 1.9.69 1*7.77 

T102  2.29 1.39 1.81 1.84 1.78 1.97 1.21 1.35 2.08 3.05 1.33 1.13 1.97 1.1*0 1.31 1.18 1.80 

1.1203 7.90 5.85 7.09 7.22 	6.99 5.99 I..I.5 5.77 7.83 9.68 3.86 6.12 7.05 5.72 6.31. 6.50 739 

Cr203  - - - - - - - - - .- - -, - - 	
- 0.10 0.52 - 

1203 1.19 2.35 3.03 3.09 3.37 2.36 1.70 3.21 2.90 2.80 0.32 1.84 1.27 1.87 . 3.28 2.81 2.76 

0.0 5.09 1*.86 5.05 5.15 *.75 1..82 6.12 1..71 1*.77 5.21 6.97 6.63 6.61. 3.76 1..18 5.73 6.1.5 

810 12.1.3 12.91. 11.98 11.76 13.26 13.49 15.13 13.28 12.02 11.52 13.52 16.28 12.81 13.26 16.56 13.79 12.95 

CoO 20.45- 21.83 20.76 21.02 	19.26 21.38 19.42 20.20 21.14 21.47 27.08 21.72 20.17 21.90 20.67 19.47 19.10 

8020 0.88 0.81 1.07 0.91 	1.47 0.70 0.64 0.72 0.06 0.90 0.83 0.69 0.74 0.65 0.74 1.06 0.99 

1.20 0.01 0.01 0.02 0.04 	0.02 0.00 0.02 0.00 0.02 0.01 0.01 0.01 0.01 - 0.00 0.03 0.05 0.05 

)too - - - - - - - - - - - - - 0.13 0.16 - 

T.t.1 36.67 98.83 	- 98.03 97.63 	99.74 98.99 90.79 95.88 99.99 100.39 100.80 98.70 98.33 98.89 100.75 1.00.96 99.56 

Acolt. 3.62 5.75 7.95 6.92 9.38 5.07 1..72 5.21 6.27 6.52 0.58 5.01* 3.60 1..68 3.39 7.7'. 7.39 

Jod.11e 3.14 0.15 0.00 - 	 0.00 	1.26 0.00 0.00 0.00 0.00 0.00 5.07 0.00 1.85 0.00 0.00 0.02 0.00 

TI-I. 6.58 5.33 5.16 5.27 	4.95 5.54 3.39 3.79 5.79 8.50 3.67 3.17 5.56 3.91 3.60 3.25 5.04 

P.-?. 0.00 0.00 0.68 1.91. 0.00 1.57 0.05 3.81 1.81 1.30 0.00 0.13 0.00 0.55 3.6'. 0.00 0.35 

Co.?. 9.63 7.52 10.33 9.97 9.66 6.88 6.36 7.00 	- 1.0.1.0 12.01 2.15 5.83 9.15 8.31. 6.39 11.53 11.67 

0.01 0.00 0.00 0... 0.00 0.00 0.00 0.00 
0.00 

0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0,11 33.73 37.1.9 34.03 31..31 30.89 35.03 33.89 33.10 32.95 31.76 1,0.53 38.88 33.36 37.19 32.69 30.81 29.58 

Root 35.37 36.12 33.80 33.38 36.53 37.58 42.04 39.73 . 35.19 31.84 36.99 39.73 35.98 39.48 39.69 37.63 35.94 

?.rlo. 8.13 7.61 8.01. 8.20 7.31. 7.51. 9.51. 7.35 7.39 8.08 10.70 7.23 10.47 5.8.4 6.60 9.02 10.0'. 

£111. 0.228 0.182 0.213 0.225 	0.196 0.195 0.132 0.184 0.238 0.303 0.095 0.123 0.203 0.167 0.193 0.180 0.221 

1.1-6 0.128 0.077 0.103 0.100 	0.109 0.069 0.061. 0.070 0.101. 0.120 0.072 0.088 0.110 0.083 0.081 0.100 0.117 

Rims and qroundmass  
CR1. 00 CR1. in 

11*1.1-1 1333.7 33-3 - 	 152-1 133.4 . 133-6 1.38-1*. 212.2 213-2 213-6 218-7 210-1 210.5 210.4 21C-8 210.10 

1 2 3 I. 5 6 

02 1*6.1.3 1*8.95 1,6.89 66.20 '.6.1,3 1.8.92 1*6.56 '.5.10 1.5.06 1,8.1.0 1.8.79 1*0.95 50.58 1*6.03 1*3.03 1*8.23 

T102 1.96 1.70 0.28 2.90 2.38 1.63 2.34 3.78 3.65 2.75 2.16 2.76 1.58 3.47 3.70 2.33 

1. 1203 8.12 8.06 7.23 6.71 6.07 3.34 5.74 8.10 7.31 6.72 4.53 8.09 3.55 6.8.. 6.95 5.13. 

Cr203  0.1.2 1.06 0.08 - - - - - - 	 - - - - 	 .  

£0203. '..39 0.02 6.92 2.83 3.5', 3.59 3.97 3.10 2.02 1.86 2.85 6.01. 1.66 2.7.2 2.22 3.66 

P.O 2.97 2.75 1.23 5.00 6.19 3.65 3.60 - 	 6.07 5.63 6.01 5.27 2.72 4.86 5.82 5.91 4.28 

BgO 12.68 15.39 12.92 11.32 12.26 	- 13.66 12.02 11.39 11.39 12.63 13.28 13.03 I1..l.4 11.87 11.65 13.08 

CaO 21.80 20.99 21.99 21.97 22.1.7 25.95 22.73 21.66 22.07 22.37 22.67 22.69 22.89 23.11 52.9'. 23.33 

8020  0.76 0.60 0.77. 0.90 0.65 0.51. 0.71. 0.66 0.56 0.60 0249 0.52 0.1.2 0.1.7 0.1.9 0.1*8 

320 0.04 0.04 0.01 0.00 0.00 0.02 0.00 0.04 0.00 0.01 0.01 0.00 0.01 0.02 0.01 0.02 

600 0.14 0.09 0.42 - - - . - - 

Tot.1 71 99.65 fl 95.03 95 953 990 99.92 989 100 .05 121 . 60  99.89 1360 

a1t. 5.67 0.06 5.1.1. 6.64 1..79 4.05 52*7 5.00 4.15 6.1.3 3.59 3.70 3.06 3.49 3.62 3.55 

Jodolt. 0.00 1..38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TI-Il 52,9 *..67 0.79 8.30 7.37 1*.63 6.71 10.68 10.1*9 7.80 6.05 7.61 '..l.O 9.73 1.0.1.5 6.50 

P.-?. 6.62 0.00 13.12 1.1.7 5.39 6.16 5.92 3.77 1.66 0.8.4 1.2*0 12.97 1.56 3.30 2.66 6.67 

Co-I. 9.63 12.01 8.27 6.02 3.53 0.00 3.23 5.38 2.27 1.70 3.39 2.56 3.65 3.61 12,0 

P.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 	 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.. 0.00 

V.11 32.59 32.70 32.61. 36.92 37.58 1.1.20 38.1.8 33.71.... 	36.51. 39.72 39.1.6 32.58 1.1.10 37.80 37.79 39.08 

31*01 35.16 1.1.85 36.15 32.68 31*.70 38.1.6 34.14 31.90 33.01 35.1.7 36.87 30.59 39.80 32.96 32.60 36.16 

0.11,0 16.8.. 1..34 2.60 7.96 6.65 5.77 6.06 9.51. 9.00 9.47 8.21 1*.17 7.52 9.07 9.28 6.64 

Al.1. 0.272 0.211. 0.21.0 0.21.1 3.237 0.1.52 0.226 0.305 0.278 0.187 0.152 0.316 0.129 0.261. 0.272 0.211 

1.1-6 0.08.. 0.133 0.080 0.060 0.035 0.000 0.032 0.051. 0.052 0.023 0.017 0.03'. 0.026 0.036 0.036 0.011, 

I. RIM of 133-3 	2. 31. 00 138-13 	3. #1. of 212-1 	1.. 310,0213.1. .06 5 	5. 81. of 210-7 	6. 810,f 210-9 



Clinopyroxenes 2 

I ' 
Di 528 J BUT! 

22-4 22-6 22-7 22-10 23-7 23-11 	23-12 25-6 25-7 25-9 26-13 26-12 26-15 21.8-9 21.3-11 21.8-32 278.2 

1 2 3 'I. 5 6 7 

16.70 17.10 50.50 50.05 19.97 11.71 	11.98 16.75 1.5.814 45.16 18.07 13.93. 13.81 16.59 66.1.4 1.7.59 10.96 

2.46 2.41 1.37 1.12 1.62 3.52 	1.87 2.83 2.54 1.35 2.34 3.1.0 2.78 2.16 2.13 2.53 1.92 

71 5.. 5.66 5.79 3.65 6.57 8.82 	13.03 6.75 7.93. 7.75 5.11 5.86 8.32 5.99 7.63 6.02 6.1.1 

- - - - - - . - . 	- - - 0.19 - - 0.00 2.67 0.00 0.03 

1.79 3.7, 1.32 3.1,1 2.1.6 5.56 	1.31. 2.16 2.12 2.35 1.82 5.95 6.72 3.07 1.26 2.51 2.09 

3.75 1.1.2 5.33 1.55 1.1.9 3.27 	5.01 3.79 1.31 3.11 1.06. 1.97 0.81 5.12 2.75 5.50 5.67 

12.68 12.35 13.63 11.26 11.21 11.30 	10.03 12.78 12.66 11.20 13.18 11.1,9 12.16 12.93 13.13 12.61 13.1,8 

27.1,6 22.5 1. 21.11. 21.1.3 22.51. 22.93 	22.1,2 22.30 21.1.8 22.72 23.53 21.03 23.1.2 20.92 21.79 22.50 22.61 

0,63. 0.75 0.71. 0.77 0.53 0.66 	0.62 0.70 0.63. 0.70 0.31 0.17 0.51 0.60 0.65 0.17 0.30 

0.92 0.32 0.03 0.31 0.02 0.02 	0.03 0.02 0.03 0.01 0.01 0.02 0.01 0.06 0.01 0.03 0.03 

- - - - - - - 	- - - 0.09 	- - - 0.37 0.16 0.11 0.02 

99.32 99.30 99.15 99.05 100.61 100.1,1 	99.33 05.09 07.56 99.73 59.05 130.03 98.51. 97.81 99.68 99.87 99.67 

6.76 5.56 3.7i 5.62 3.88 1.90 	1.72 5.22 1..86 5.17 2.01 3.51 3.79 6.72 1.95 3.55 2.32 

0.00 0.00 1.79 0.00 0.00 0.00 	0.00 0.03 0.00 0.00 2.00 0.00 0.00 2.00 0.00 0.00 0.00 

6.96 6.91 3.85 3.15 1.69 0.99 	13.91. 8.01. 7.36 11.75 6.59 9.58 7.92 7.05 5.96 7_11 5.1.0 

8.79 5.05 0.00 3.96 2.91. 10.76 	7.73 0.92 2,06 0.91. 2.32 13.27 15.35 1.08 - 	6.90 3.51 3.56 

1.57 3.00 3.60 2.91 5.97 1.16 	1.71 6.53 9.77 5.00 1.1.7 3.35 2.90 6.36 0.27 1.40 2.66 

0.30 0.00 0.00 0.00 0.00 0.00 	0-20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

36.65 37.05 39.1

0 

37.86 38.79 33.50 	32.53 37.36 51.63 37.00 60.52 35.13 51.35 31.95 32.93. 37.51, 39.17 

35,53 31,.58 37.95 39.67 39.01 31.71 	20.11. 55.95 35.28 31.51 36.70 32.00 31.30 36142 56.11 35.12 37.55 

5.90 6,55 9.89 6.84 6.92 5.11 	7.97 5.53 6.85 8.54 5.50 3.09 1.08 81.3 1.58 8.77 9.05 

0.21.1 0.219 0.133 0.132 0.159 0.31.7 	- 	0.103 0.735 0.259 0.295 0.200 2.308 0.31.2 0.226 0.272 0.021 0.100 

0.0L4 0.052 0.051,  0.029 0.010 9.042 	0.047 0.065 0.093 0.052 0.039 0.034 0.030 0.911 0.063 0.01.1. 0.024 

1. 	010 or 22-3 2. 	510 At 22-5 3. 	310 of 25-5 6. 	81. of 218.8 M1d.y Alit 1100 210-10 6. 51.-of 21.0.10 15. 

Elie-type I nodules  
0377! CAL 

[ 	

10 Eli 
) 	

03  

270-7 11.2.9-2 14501-10 35-1 38-2 39-12 10-9 10-6 10-7 12-1 12-2 12-3 12-5 12-5 12-10 12-12 
1 2 3 

1.9.51 1.6.814 48.18 67.26 1.1.92 46.35 67.92 1.8.17 1.8.01. 67.29 47,08 66.95 67.92 47.76 46.97 46.66 

1.46 3.14 2.76 21.2 3.93 3.55 0.80 0.74 0.78 2.17 2.1.5 2.67 2.08 2.06 2.26 1.50 

3.31 0.95 308 6.68 8,57 7.60 7.37 7.38 7.20 7.91. 7.51. 7.78 7.02 6.71 7.53 7.39 
0.01 0.55 0.02 0.03 - - - - - - - - - 

3,1.2 6.75 1.76 2.75 2.92 2.17 3.68 2.32 2.95 3.66 3.32 2,56 2.25 2,53 3.16 2.22 

4.51 2.88 2 192 3.95 5,01 .36 6.73 6.02 5.36 1.1.9 1.87 5,1.2 5.27 5.30 5.11. 6.55 

11.71 11.82 1291 12.98 11.35 10.95 12.88 13.03 12.91 13.15 12.76 12.70 13.1.6 13.1.6 12.52 11.20 

21.99 22.27 21.63 20.60 22.65 22.61 19.1.0 19.35 19.30 20.92 21.29 21.09 21.02 20.59 21.15 20.58 
0.32 0.79 1.11 0.51. 0.61 0.61 1.17 0.99 1.09 0.90 0.70 0.71 0.63 0.71 0.78 0.94 

0.06 0.05 0.36 0.01 0.01 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.01 0,08 

- 0.15 0.21 0.11 0.13 0.13 - - - 	- - - - - - - - 

99.28 99.47 98.73 0905 100.32 100.17 97.98 98.30 97.65 100.21, 100.09 99.68 99.71 99.17 99.52 97.50  

2.61 5.97 9.85 3.94 6.48 1.66 0.59 6.55 7.99 5.83 .3.62 5.33 1.63 5.11, 5.71 6.39 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 000 '0.00 0.00 0.00 0.00 0.00 0.00 8.97 
6.11 8.93 7.83 6.77 10.06 9.96 2.27 2.09 2.22 6.03 6.934 6.92 5.81 5.79 6.36 5.41 

7.02 6.00 3.66 3.76 3.75 1.63 1.84 '0.00 0.40 3.80 3.66 2.05 1.77 2.11 3.19' 0.00 

0.00 51,5 0.00 6.81 6.00 5.54 13.18 15.91 13.50 9.37 7.83 9.14 8.67 7.93 3.26 10.77 
000 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

38.56 35.35 38.17 36.39 33.01 36.62 30.50 30.91 30.95 30.82 33.19 33.05 33.69 33.29 53.51 36.08 

60.95 57.98 36.28 36.00 31.66 33.22 36.15 36.1.1. 56.35 36.21 30.31 35.26 37.01. 37.1.6 31.92 31.92 
7.05 6.75 6.914 6.32 8.05 8.57 7.68 91.5 8.1.7 6.914 7.56 8.65 8.18 8.28 8.05 10.67 

0.149 0.321 0.183 0.21.1 0.319 0.771 0.196 0.181 0.185 0.252 0.252 0.251 0.221 0.216 0.242 0.216 
0.000 0,074 0.000 0.052 0.059 0.055 0.132 0.146 0.136 0.094 0.078 0.091 0.087 0.079 0.083 0.117 

1. 810 07 Oelemlyot.I 0 	I0py10one 278-6 2. 	50. of 11.61:-I 3. RIo of 30-9 
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7102 
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Clinopyroxenes 3 

Elie-fype 2 nodules 	 Type 3 
C0A 	 106 	 I 	 I 

131-9 138.11 198.13 33,-1 36-2 31.-1 31.-5 35.2 35-3 95.535-8 32-2 32-5 32-7 33.1 

stop  1.6.13 56.60 3.6.5.1 .7.11 1.8.231 1.7.66 47.89 .9.31 51.32 59.53 .9.52 55.51. 1.9.31 51.13 53.09 

7132 1.79 51. 1.91 1. 71. 1.514 1. 2.03 1.99 1.03 0.93 1.07 1.12 1.07 1.21 0.64 0.11 

*1,0 3  '.51 .22 7.3,6 0.1.9 7.23 8.33 7.1.6 .- I. .16 6.91 6.66 6.55 5.55 3.80 1.33 

CI 20 3  0.27 - 2.22 0.52 0.13 0.15 .0.07 0.00 , 0.33 .- 0.00 - 

5.32 - 3.29 2.19 2.96 3.38 3.61 2.90 5.12 1.58 2.85 2.01 0.13 1.56 1.70 2.61 

'CO 3.22 5.13 6.00 3.91 6.1.7 3.61. 377 6.1.0 6.51 6.12 6.3.2 5.98 6.90 7.32 5.63 

F. 12.60 11.76 11.1.5 12.99 12.79 13.23. 13.1.9 11.60 11.95 11.26 11.51. 13.57 12.05 13.02 13.32 

CII 21.11 21.22 20.77 21.52 21.28 21.67 2330 22.29 22.62 21.32 21.99 20.01 21.1C 19.97 21.80 

0020 3.92 393 3.95 3.76 0.97 0.79 0.72 3.33 1.3' 1.50 1.10 - 	 0.91 1.00 1.11 1.31. 

1.20 3.37 0.23. 0.01 0.22 0.22 3.02 3.02 2.03 2.01 0.02 0.22 0.20 0.00 0.01 0.01 

0,0 0.28 - 0.310 0.31 0.14 0.50 - 0.21 0.23 - - 5.22 - 0.24 - 

101.1 	97.57 	97.69 	07.37 	100.33 	100.37 	100.9'. 	95.56 	1 	150.59 	103.65 	98.33 	90.26 	79.22 	95.68 

7.82 6.93 6.30 5.53 7.04 9.73 5.26 9.4 5.39 0.3.2 3.73 3.17 5.1.2 5.01 7.32 

3030lte 0.00 0.130 0.79 3.310 1.20 0.00 O.00 0.00 6.01. 2.99 2.1.5 3.1.0 2.50 3.33 2.41 

71-7, 5.01 ;.27 5.1.9 5.10 6.93 5.60 5.26 2.86 2.58 3.25 3.19 3.00 3.43 1.24 0.50 

5.91 L91. 0.031 2.69 2.35 5.25 2.31 - 	 L72 0.20 3.20 0.00 0.00 0.00 0.20 0.00- Fe

I
-I, 

7,-, 8.33 9.97 10.95 1276 9.92 10.50 9.60 131.30 41.6 6.62 6.20 0.00 7.45 5.51 1.26 

FeD! 0.02 3.05 0.20 3.20 0.22 0.20 0.00 0.58' 0.00 0.00 0.310 000 0.33 0.03! 0.20 

6011 33.06 36. 3 1 33..30 92.22 3355 32.1.0 36.35 36.30 3,1 .26 37.90 39.56 37.32 37.13 36.81 1.2.78 

moO 55.13 93.30 32.50 55.67 5519 35.6. 36.89 31.95 32.00 31.76 32.60 37.66 33.82 36.1.1. 36.97 

F0,eoe 6.99 e.23 959 6.01. 7.12 5.90 5.83 7.13 10.37 9.77 12.15 9.66 1C87 11.88 1.72 

01_S 2.249 0.225 0.219 0.257 0.220 8.260 0.229 0.175 0.04f 0.123 0.124 0.116 0.11.3 0.080 0.023 

01-6 0.087 0.100 0.117 0.112 0.095 0.101 0.096 0.101 0.095 0.094 C.09'. 0.090 0.103 0.280 0.037 

Elie 'darlc' meoacrysts 	 'alassv' meo,,crvots 	 nlnmerrwornho 
ON 

33_S 334 33-6 4-5 4-7 4-9 9-7 0-0 5-1 4-2 4-3 4-10 210-6 21B-5 23-3 

52.52 53.15 53.05 1,8.53 47.96. 50.50 49.37 49.50 3.9.13 1.9.80 58.79 51.00 50.10 48.61, 47.67 

0.20 0.20 0.23, 1.32 1.44 1.3.9 0.92 087 0.79 0.78 0.78 0.62 1.21 1.05 1.97 
2.28 221 2.57 866 8.76 8.61 9.80 0.02 8.29 8.21 8.32 8.15 6.45 5.77 7.05 
0.26 0.07 - 000 - 0.00 0.23 - 0.10 0.27 - 0.19 - . - 

3.03 1.95 127 2.75 232 3.60 1.92 1.12 2.98 0.90 2.91 0.57 1.70 321 1.27 
60.2 7.68 80.0 6.02 6.26 3.66 5.31 5.83 3.98 5.74 3.92 501, 6.12 471 6.6'. 

33.03 13.35 32.12 15.9'. 13.66 136#, 15.94 16.79 16.30 15.9'. 1589 1673 15.13 15.28 12.81 
20.73 20.42 20.56 18.65 18.63 19.04 	- 36.73 16.78 15.96 15.00 1632 15.86 19.1.2 20.20 20.17 

1.36 1.33 1.57 1.37 1.39 1.1.4 1.39 1.35 1.29 1.21 1.29 1.17 0.014 0.72 0.74 

0.02 0.04 0.21 0.00 0.00 0.25 0.00 0.21 0.00 0.00 0.01 0.50 0.02 0.00 0.01 
0.18 056 - 011 - 011. 017 - 8.16 OJI. - 0.14 - - 

99.25 100.36 99.79 99.53 95.35 -99.25 99.35 99.07 93.93 98.67 , 98.23 1CO.17 98.79 98.88 98.33 

9.49 5.63 3.56 7.62 6.1.9 9.514 5.02 3. 10  .22 2049 8.09 1.28 5.72 0.21 3.60 
1042 5.30 7.83 2.16 3.10 0.30 6.86 6.56 0.25 6.13 1.20 6.91 0.00 0.00 1.05 
0.56 5.55 0.67 3.66 4.33 5.00 2.54 2.40 2.18 2.16 2.17 1.68 3.39 3.79 5.58 
0.20 0.20 0.00 0.00 0.00 0.20 000 0.00 0.00 0.00 0.00 0020 0.05 3.81 0.00 
9.38 2.22 1026 16.02 13.65 16.66 1L.53 13.61 15.40 12.67 15.36 12.40 6.36 7.00 9.15 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0020 0.00 0.00 0.00 

39.3,3 39.15 50.16 27.95 20.29 28.18 25.53 25.11 22.55 23.86 21.37 23.60 33.09 33.10 33.36 
36.15 36.26 33.6'. 38.24 37.25 37.28 1.0.75 50.1.7 45.51 1.3.66 1.3.76 1.5.01 62.04 39.73 35.98 
10.59 12.14 13.08 6.36 6.62 3.83 8.20 8.95 6.19 0.0'. 6026 9.00 9.34 7.30 10.67 

0021.5 00233 0.024 0.213 0.217 0.225 0.192 0.182 0198 0.170 0197 00259 5.132 0.104 0.203 
0.066 0.063 0.089 0.162 0367 0.13.8 00289 0.200 0.161 0.186 9.166 0.189 0.261. 0.070 0.110 

5102 

£ 120 3 
Cr20, 

Fe 203 
rIo 
900 
COO 
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020  

blot 

Let he 
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Fe-I, 

C 0.1, 
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91 

•1 



Clinopyroxenes 

Lherzolstes 	 . 'v'. 	 - 
CBL 	 I DI 	 I  LID 	 828 	 2008* 

11,6-9 16.6-13 	114-12, 	146-20 	12,3-7 143-15 	143.13 	 26-7 	26-10 	15-1 	15-3 	243-3 	21.8-4 	21.6-2 	21.6-4 	37.2 

1 	 2 	 3 	 I. 

8102 52.06 50.02 1.3.72 51.34 1,7.62 52.11 62.07 51.1.1, 51.58 1.5.76 51.1.2 51.80 51.77 50.47 52.73 53.05 51.47 

T 102 0.58 0.1.9 3.29 0.57 2.73 0.19 1.69 0.35 0.30 2.68 0.80 0.83 0.69 0.72 0.23 0.17 0.62  

*120 7.1,9 6.61 8.63 7.1.', 6.08 5.61 9.85 1.91 5.01 6.99 7.53 7.15 7.1,1 6.86 5.26 5.31 6.83 
Cr203  - 	 . - 0.58 0.53 0.72 - - - 0.67 -, 0.11 0.72 0.73 - 0.79 0.57 - 0.59 

0.3', 2.28 3.56 1.59 1.29 0.11 2.57 0.6'. 1.1.0 1.05 1.76 0.31. 0.69 0.65 3.69 1.41 - 

2.77 1.87 1.43 1.52 6.52 3.29 5.86 2.24 1.54 2.69 1.15 2.74 1.58 1.58 1.69 0.94 3.15 
i'gO 11.42 16.81 11.13 11.50 12.10 11.95 10.33 15.29 15.11 12.48 11.51. 11.76 16.53 11.48 15.11 15.53 11.85 
0.0 20.38 18.32 22.41 19.93 23.04 19.31 22.02 22.15 22.97 23.75 19.98 19.65 21.05 20.37 21.38 21.41 20.01 

11120  1.76 1.83 0.48 1.92 0.38 1.67 0.1.1, 0.82 0.86 0.35 1.95 1.80 1.73 1.59 1.56 1.62 1.43 

820 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.03 0.02 0.03 0.02 0.03 0.02 0.02 0.03 0.01 0.00 
800 - 0.00 0.00 0.07 - - - 0.06 - 0.03 0.14 0.05 - 0.06 0.12 - 0.08 

1,1.1 99.81 96.82 	9819 99.31 9975 97.26 97.83 98.60 9879 98.93 10031 99.90 99.1.7 97.65 	99.17 99.1.5 99.83 

1001t• 093 6.1,0 	3.60 1.55 291 0.31 329 1.77 3.87 2.70 6.77 0.93 1.83 1.78 	1.89 3.94 - 

JOO.It. 11.1.6 6.89 	0.00 9.23 0.00 11.79 0.00 1.22 2.35 0.00 8% 11.83 10.36 9.71 	9.26 7.57 - 

Ii-?. 1.58 1.38 	9.1,5 1.56 7.69 0.53 13.58 0.97 0.83 7.59 2.17 2.26 1.88 1.95 	0.63 0246 - 

20-?. 0.00 0.00 	6.63 0.00 093 0.30 1.16 0.20 0.00 8.78 0.00 0.00 0.00 0.20 	0.00 0.00 - 

C.-?. 8.66 10.58 	7.47 10.17 5.32 5.53 6.69 8.56 8.85 3.78 10.38 8.11 8.76 9.48 	6.85 7.08 - 

7021 0.00 0.00 	0.00 0.00 0.20 0.00 0.00 000 0.88 0.00 0.00 0.00 0.00 0.00 	0.00 8.80 - 

8011 31.36 30.65 	31,.59 32.97 39.34 .35.16 33.21 38.96 40.37 37.90 32.30 32.88 35.52 31.614 	3795 37.74 - 

lOOt 38.85 41.19 	31.68 39.30 33.79 41.29 29.61, 61.98 61.37 35.04 39.04 39.77 39.21 39.90 	40.98 61.88 - 

POrro. 6.19 2.92 	7.08 2.42 10.22 5.10 9.1)4 3.54 2.37 1.29 2.1.0 1.22 2.39 2.34 	2.45 12,2 - 

*1.1. 0.118 0.133 	0.330 - 0.133 0.216 0069 0.300 0.105 0.105 0.277 0.147 0.126 0125 01316 	0.081 0.080 - 

*1-6 0,201 0.158 	0.059 0.173 0.053 0.176 0.067 0.108 0.112 0.031. 0.173 0.179 0.191 0.169 	0.1.45 0.11.6 - 	 - 

1 	Rio of 160-13 2. 	Rio Of 143-5 (OrthOpy000n. 00000ryOt) 3. 810 Of 148-12 1.. TIt0000gOto rio on 18010.100' 

Pyroxenites Wehrlites 
DR 

. 

COO. 03?! 7183* 

1934 199-3 93-2 93-3 22-4 98-5 28-3 28-2 28-6 29-1 29.2 29-8 29-'. 39-1 39.2 

8102 92.27 52.37 1.9.05 68.96 1.8.63 68.77 68.16 1,7.95 18.1.9 1.8.90 1.7.78 49.00 1.8.65 1.7.99 .8,26 

?102 0.57 0.57 1.1.7 1.10 1.09 1.18 1.73 1.91. 1.95 1.60 1.83 1.18 1.10 1.61 1.45 

*1203 6.62 6.31 9.19 9.06 8.99 9.15 8.11, 8.27 800 7.10 7.79 72,1, 7.36 8.51 8.09 
Cr203 171 - 0.01 - - - . - . - - - - - 0.16 - 

51203 1.61 2.50 2.51 1.91 1.1.3 2.10 1.1,1 6.62 1.98 2.58 2.70 2.53 3.19 0.78 02,5 
710 1.63 0.79 - 	 3.55 1.02 6.1,5 3.6? 3,21, 2.63 3.06 1.59 1.73 6.67 1.29 5.54 6.18 
MgO 16.1,2 16.7? 12.2,9 12,17 13.85 16-11, 13.90 16.26 13..I.9 11.08 13.38 11.01, 13.91 13.03 1.3.16 
CoO 18.68 19.05 19.16 19.31. 19.12 19.35 19.51 19.56 1886 20.29 20.20 19.81 19.98 2003 19.20 

1020  1.74 1.73 1.22. 1.17 1.16 1.22 1.31 1.19 1.43 0.90 0.92 0.97 8.96 092 1.03 

820 	. 3.80 0.01 . 0.01 0.02 0.01. 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.00 0.00 
fto 0.12 0.00 - - - - - - - - - - 0.14 - 

101*1 99.37 98.10 100.38 99.75 98.76 99.60 100.1.2 10001 101.3 100.38 992,5 98.71 97.82 

6001t0 1.41 6.89 6.86 5.26 3.98 5.78 939 8.06 10.15 650 6.72 7.02 6.93 2.19 1.27 
2.4.11. 7.86 52,1, 1.92 8-13 6.52 2.97 0.00 0.00 0.00 0.00 0.00 0.01 0.00 6.1,6 6.23 
Ti-?. 1.56 1.9? 3.20 3.03 8-03 3.25 6.76 1..25 5.32 6.1,2 5.0 3.27 3.06 6.51 6.09 
II-?. 0.00 0.80 0.20 0.20 8.80 0.00 2.76 1.20 3.1.4 1.24 0.83 0.00 1.95 0.00 0.00 
C.-?. 6.87 502 15.53 11.86 16.29 15.01 11.112 11.51, 10.86 10.33 11.53 12.89 12.81 1218 13.69 
PIDI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 
8011 32.17 31.09 27.91 28.90 29.19 28.81 28.79 282,5 27.23 3193 31.45 31.04 31.08 31.63 31.21 
£015 1.1.2,3 1,5.78 39.20 38.61 38.13 38.56 37.92 38.98 39.16 38.53 37.02 38.88 38.34 36.17 36.81 
P.r,.. 2.66 1.21 5.39 6.15 6.87 5.62 1.96 6.03 1.61. 7.05 7.34 7.20 6.64 8.85 9.70 

£1-i. 0.100 0.280 0.219 0.210 0.201, 0.215 0.237 0.21.2 0.21,2 0.204 0.226 0.194 0.201 0.212 0.189 
61-6 0.098 0.105 0.174 0.181 0.888 0.880 0.812, 0.115 0.101 0.103 0.115 0.129 0.1.20 0.162 0.869 



Cpx 5 urmopyroxenes 
01058 CDL CIII. I KID 0050 

39.5 41-1 .1-2 41-5 11.6-2 11.8-4 11.3-3 146-5 11.3-5 26-2 26-i. 26-6 15-2 15-6 15-8 29-3 

0102 

1102 

81203 
C. 20 

F.203
o 

P. 

C.0 

D20 

120 
pfto 

49.00 
1.36 

7.87 

0.48 
0.11. 

6.52 
13.30 

19.30 
1.02 

0.00 

0.13 

50.39 
1.08 

6.21 

0.22 

0.07 

5.71 

11.93 
18.86 

1.00 

0.00 

0.11 

50.26 

0.77 

6.1.1 
- 

1.97 

3.93 
15.23 

19.12 
1.12 

0.01 
- 

50.78 

0.97 

6.18 

0.23 

0.21 

5.87 

16.53 

18.56 
1.28 

0.00 

0.11 

5102 

1102 

£1203 
Cr203  

51.0 

OgO 

C.0 

Na2O 
K0 

M. 

504.1 

51.15 

0.10 

1.35 
- 

6.1.8 

32.11. 

0.74 

0.08 

0.01 

- 

98.05 

56.1.7 

0.11 

1.37 

- 

6.1.6 

32.00 

0.76 

0.06 

0.02 

- 

90.24 

511.1.6 

0.05 

4.39 

- 

6.52 

32.39 

0.20 

0.12 

0.02 

- 

90.65 

53.72 

0.15 

1.58 

- 

6.07 

31.78 

2.78 
0.15 

0.01 

- 

99.21. 

56.79 
0.11. 
4.1.6 

- 

6.39 

32.11. 

0.76 

0.13 

0.02 

- 

98.83 

55.1.0 

0.09 

6.19 
- 

7.1.1 

32.35 
0.46 

0.04 

0.03 

- 

99.97 

54.23 

0.12 

4.73 

0.53 

7.25 

31.71 

0.80 

0.05 

0.00 

0.12 

99.55 

55.75 
0.08 

3.56 

0.29 

7.55 
32.78 

0.34 

0.05 

0.01 

0.18 

100.60 

55.30 

0.17 

4.41. 

0.03 

6.78 

- 32.51 
0.83 

0.15 

0.02 

0.11 

100.31 

55.21. 
0.19 

6.66 

- 

6.63 

32.1.3 

0.71 

0.10 

0.00 

- 

99.96 

55.20 

0.20 

4.71. 

- 

6.39 

32.28 

0.83 

0.16 

0.02 

- 

99.80 

52.11 
0.35 
6.1.1. 

- 

10.41. 

27.18 

1.25 

0.09 
0.00 

- 

97.88 

501.1 99.12 98.58 98.82 98.72 I RPE 31750 RPE I FIDRA 

29-7 218-2 243-6 276-4 276-5 270-6 21.3-1 246-6 21.6-11 37-3 37_9 

1102 

1102 

61203 
Cl203 

5.0 
580 

CaO 

51020 

120 
5001 

51.90 
0.37 

5.56 
- 

11.91 

27.13 
2.28 

0.01 

0.01 
- 

55.05 

0.13 

1.18 

0.35 
6.1.1, 

32.86 
0.41, 

0.02 

0.13 

0.21 

55.12 

0.08 

3.65 
- 

608 

32.92 
0.1.8 

0.08 

0.02 

- 

54.49 

0.15 
3.81 

0.52 

8.80 

31.30 

1.19 
0.14 

0.01 

0.22 

54.38 
5.11 

3.24 

- 

10.61 

30.06 

1.07 

0.09 

0.01 

- 

52.1.8 

0.29 

3.39 

- 

13.07 
28.04 

2.28 

0.14 

0.03 

- 

55.23 
0.10 

1.30 
- 

6.06 

32.80 

0.53 
0.08 

0.01 

- 

55.74 

0.05 

3.26 

0.28 

6.07 

33.55 
0.1.5 
0.10 

0.01 

0.15 

55.74 

0.03 

3.23 

0.25 

6.07 
33.60 

0.51 

0.09 

0.01 

0.16 

50.47 

0.13 

4.80 
0.30 

6.65 

31.75 

0.76 

0.10 

0.03 

0.15 

51.40 

0.14 

1.51 

- 

6.63 

31.67 

0.79 

0.12 

0.00 

- 

8,1t. 	0.39 	0.20 	5.46 	0.58 

3.60110 	6.95 	6.99 	2.59 	8.59 

51-5. 	3.79 	3.01 	2.13 	2.70 

F... 	0.00 	0.00 	0.00 	0.00 

C.-T. 	10.65 . 	 7.38 	10.50 	6.51 

- 5.01 	 0.00 	0.00 	0.00 	0.00 

6011 	31.11, 	32.22 	31.14 	32.02 

861 	36.77 	41.20 	1.1.83 	1.0.01. 

Fe..o. 	10.32 	9.01 	6.06 	9.25 

61-4 . 0.182 0.134 0.11.8 0.122 Total 98.1.'. 100.76 99.58 99.72 99.10 99.66 99.69 99.17 98.26 

61-6 	. 0.162 0.137 0.131 0.13.7 

1, 2. KxsoiotIon 1.11.. in Buts pyr00001tt inclusion. 

Olivines 
DOTE I 	350 01006 Km I CHL 

270-2 246.5 21.6-0 37-5 37-7 38-3 38-i. 38-5 38-6 38-8 41-4 

£ 0 0 B 0 C C C C C S 

1102 40.61. 1.0.67 40.1.3 io.B6 1.0.77 39.50 39.40 41.04 39.12 39.55 39.60 

1102 0.03 0.00 0.00 0.01 0.02 0.06 - 0.03 0.03 0.08 0.04 0.04 

* 120 3 0.07 0.06 0.04 0.07 0.06 0.09 0.10 0.12 0.06 0.07 0.03  og1ts 
Cr20 3  - 0.00 - 0.01 - - - - 	 0.07 - - -  U..r.olit. 
5.0 11.15 9.81 9.53 10.48 10.68 20.16 21.21 13.55 23.15 22.86 17.69  8.DOit phOnonryst 

NO 46.53 49.05 49.15 1.7.89 47.43 1.1.18 40.32 46.67 3907 40.02 42.86  W.hrUt. 
CoO 0.05 5.03 0.06 0.08 0.01. 0.22 0.27 5.25 0.37 0.12 0.11 

5001 - 0.11. - 0.12 - - - 0.19 - - - 

5110 - - - - - - 0.15 0.25 - -- - 

501.1 10h52 99.78 99.20 ii5 51 99.00 10h52 10 1026 10h85 W26 100w 

5501. % p. 	85 	. 90 	90 	89 	89 	79 	79 	86 	75 	76 	81 

/- 



11 

Feldspars 1 	 11 

8asalts 
CML 	 I  MN 	 EFB 32.1 	 91.15! 	 CML 

1.A-11 	142-15 	21A-6 	213-1 	213-9 	23-10 	23-13 	23.14 	23-19 	25-2 	25-10 	21.9-7 29.8-15 	278-8 	278-9 	19.08-5 	19.68.9 

	

1 	2 

S1 2  51.9.7 50.50 53.82 52.54 52.12 59.97 60.76 55.21 57.27 51.37 52.37 52.13 51.55 50.7)) 55.9.3 53.28 51.52 
£ 120 3 29.05 30.78 29.79 28.33 29.27 25.93 2138 25.49 26.81 28.99 29.46 28.70 28.60 29.96 26.9.3 28.67 30.21. 

0.53 0.56 0.1.9 0.64 0.57 0.28 0.30 0.58 0.39 0.91 0.51 1.12 1.27 3.60 0.79 0.75 0.51 
"gO 0.14 0.06 0.37 0.08 0.09 0.37 0.05 0.03 0.04 0.27 0.11. 0.1.2 0.72 0.1.9 0.75 0.34 0.11 
CoO 10.32 13.08 11.04 11.71. 11.97 7.52 6.29 9.82 5.60 11.1.5 11.87 11.92 12.23 13.1.8 9.56 11.28 13.05 

°2 5.32 359 1.13. 1.68 1.17 6.19 6.99 5.99 6.62 1.54 1.31. 1.54 1.10 3.56 5.35 1.66 3.77 
1.20  0.65 0.36 0.46 0.49 0.62 0.90 0.93 1.69 0.66 0.46 0.26 0.9.5 0.1,3 0.26 0.58 0.36 0.34 
7102 0.19 0.12 0.93 0.18 0.93 0.10 0.33 3.09 0.07 0.18 0.17 0.26 0.1.9 0.09 0.15 0.20 0.16 

701.1 09.57 99.05 913.65 99.19 99.51 99.96 100.21 98.613 100.37 98.02 99.1.0 99.15 99.10 98.74 99.014 99.65 99.69 

Or 3.96 2.15 2.73 	297 3.72 5.51 5.1.8 10.12 3.38 2.77 1.55 2.67 2.06 1.56 3.1.6 2.19. 2.02 
Lb 9.2.72 30.62 9.1.10 	3607 51.77 52.71. 58.36 1,0.70 50.90 95.30 36.96 31.75 33.04 33.9.8 9.5.71 39.61 32.00 
A. 51.9.1 65.51 51.97 	56.68 59.95 37.63 31.9). 38.15 9.1.33 57.96 59.23 56.92 58.90 65.55 16.91. 56.21 66.78 
II. 0.89 003 2.09 0.49 6.0., 2.71 2.11 2.93 1.07 0.02 
Ii 0.36 0.23 0.25 	0.31. - 0.25 0.19 0.36 0.97 0.13 0.37 0.32 0.50 0.36 0,17 0.29 0242 0.30 
51 0.75 0.75 0.52 	0.13 0.79 0.13 1.28 0.70 1.36 2.13 0.89 0.98 0.31. 
My 0.1.7 0.53 0.62 0.81 2.68 0.55 0.5.1. 
Co.. 0.71 0.26 . 1.13 0.97 0.21 0.1.6 0.11 
31. 2.42 2.97 0.17 
Rot 
01 0.01 1.77 0.06 1.21 1.02 1.72 1.94 1.916 0.85 0.13 
0011. ' 1.1,1 

1. 	Co.. 2. 	01. 

Zeolifes from basalts 
CML KN ON 	I Ex EBB CMI. 

15.69-11 1)..AZ-12 39-7 20.7 21k-5 216.8 213.3 213-9 21C..2 21C-12 22-1 22.2 22-8 25-1 15.69-3 

8102 51.52 51.67 52.97 61.7). 55.59 502.6 58.13 56.67 57.02 9.9.95 66.1.5 66.146 62.96 ' 60.10 63.15 
61203 28.33 29.89 28.1.7 	, 18.71 27.19 26.09 21.56 22.20 22.21 21..69 21.13 18.69 20.60 23.31 21.23 
P.O 0.76 0.43 1.28 0.00 0.37 0.10 0.12 0.15 2.58 2.12 0.08 0.11 0.10 0.28 0249 
OgO 0.114 0.16 0.27 0.01 0.03 0.00 0.03 0.05 2.56 0.29 0.00 0.03 0.02 0.03 0.20 
CoO 12.32 12.61 11.99 0.03 0.10 0.20 0.12 0.10 0.1.8 0.29 0.03 0.03 . 0.00 0.1.8 2.4 
9020  1,2,6 1.28 3.97 , 	 1.78 112,2 12.83 12.01 12.09 9.78 8.09 11.9.7 7.77 11.72 8.1.7 6.19 
120  0.34 0.57 0.62 11.40 0.70 0.09 0.08 0.08 0.16 0.59 0.05 0.08 0.07 0.29 3.39 
7102 0.16 5.13 0.15 0.03 0.02 0.03 0.1.0 0.24 0.14 0.05 0.02 0.01 0.03 0.14 0.26 

101.1 93.79. 99.77 99.52 96,70 95.32 89.81 92.1.8 91.58 95.70 85.98 99.21 93.18 51.93 92.50 95.91. 

01 2.05 3.38 3.69 69.66 1. .31. 0.59 0.51 052 0.99 1.06 0.30 0.51 02,1. 1.713 20.90 
Lb 31..% 30.51 33.81 15.55 69.55 60.11, 80.86 71.95 78.19 76.66 96.60 70.56 90.12 76.75 36.99 
An 55.68 60.83 59.9.0 0.15 0.52 1.10 0.614 0.514 2.9.9 1.67 0.15 0.16 0.97 19.22 
Ne 1.96 2.91 , 17.23 32.89 15.79. 18.34 1.50 1.61 0.65 7.63 
11 0.31 0.25 0.0). 0.06 0.27 0.35 0.20 0.11 0.01. 0.02 0.06 0.29 0.52 
01 0.146 0.09 0.56 . 0.17 0.06 0.10 8.33 1.01 0.09 0.95 
Hp 2.51 0.03 0.28, 0.39 1.01 
Cor 3.50 7.76 5.03 1.62 2.23 5.30 11.88 2.17 2.19 1.31 9.99 5.55 
31. 0.97 '11.01. 22.29 11.51 19.80 
3,1 0.03 - 0.29 0.08 
01 1.71. 1.60 0.40 
'.1011 



Feldspars 2 

Elie-type 2 nodules 	 Type 4 	 Type 5 

35_4 38-10 32-9 32-10 32-10* 11-8 11-9 

1.8  

11-12 11-15 36-1 36-5 36-9 36-10 30-3 30.4 

62.50 62.35 66.12 65.92 66.68 66.67 67.10 70.08 66.53 66.26 70.16 65.61 66.76 68.51 68.88 
310 

A10, 23.36 22.1.1 21.56 21.21. 21.53 20.82 20.72 20.96 20.52 22.73 21.38 22.39 22.61 20.11. 20.26 

0.12 0.03 0.1.0 0.12 0.12 0.20 0.13 0.03 0.03 0.09 0.04 0.09 0.06 0.17 0.1.6 

940 0.02 0.02 0.00 0.03 0.03 0.02 0.02 0.01 0.01 3.01 0.01 0.01 0.01 0.02 0.02 

1.0 1.70 3.81 2.89 3.01 2.98 1.04 1.21 1.21 1.11 2.69 1.59 2.50 2.82 0.86 0.86 

8.0 8.29 8.08 6.89 5.25 7.5 10.25 10.1.7 13.17 10.71 9.71 10.18 13.25 9.73 9.98 10.36 

0.96 1.85 3.71 6.11. 1.27 0.3!. 0.32 0.32 0.38 0.33 0.10 0.1,1 0.37 1.0!, 1.0!. 

h0
2  0.05 0.10 0.12 0.03 0.03 0.02 0.00 0.02 0.03 0.02 0.02 0.01 0.02 0.01 0.03 

hotnI 99.98 98.70 99.39 101.71 130.50 99.56 99.97 103.10 99.32 101.86 101.07 131.30 102.30 100.74 101.59 

Or 5.67 11.08 22.07 35.1.0 7.'.9 2.03 1.90 1.97 2.26 1.91 2.25 - 	 2.36 2.15 6.10 6.05 

Lb 70.15 69.27 58.65 1.3.69 66.10 87.1.3 90.89 85.96 91.20 80.61, 82.75 83.17 80.42 83.0!4 86.59 

L. 23.32 19.15 13..44 11.68 11.71 6.1.9 6.01 5.81 5.51. 13.12 7.57 12.65 13.65 I..?!, 1.10 

N. 
1.29 

It 5.09 0.37 0.20 0.06 0.06 0.06 0.04 0.03 

0.12 

0.04 0.02 0.06 

01 

07 0.19 0.05 0.01 0.24 0.24 0.1,2 0.29 0.08 0.03 0.1.6 0.05 3.1.1 0.3!, 0.29 

Cor 5.14 0.19 0.96 0.52 1.92 1.33 0.1.4 1.13 2.1.7 1.1.3 1.27 0.39 1.05 1.03 0.56 

31 0.44 0.08 3.66 5.34 9.59 2.90 3.1,7 5.06 0.39 2.65 6.07 2.57 I,.!.!, 2.66 

Out 

01 

Loll 

0.01 0.01 

CII I  IN 
20-5 	20-2 	20-3 	20-5 	20-6 	20-0 	20-9 

52.96 51.87 55.12 56.98 61.1.9 56.53 56.1.6 

23.89 50.85 28.29 26.11. 23.21 27.09 27.06 

0.75 0.27 0.09 0.37 0.08 0.11, 0.13 

0.12 0.26 0.00 0.03 0.00 0.05 0.01 

12.10 12.13. 10.66 8.60 1.62 9.31 9.99 

6.17 1.21 1.86 6.07 8.45 0.17 5.47 

0.37 0.17 0.07 0.13 0.16 1.22 0.14 

0.23 0.05 0.05 0.08 0.04 0.09 0.06 

99.86 	99.32 	99.15 	98.40 	101.04 	99.60 	99.32  

2.19 1.01 0.1.2 0.78 0.314 7.24 O.S 

35.35 35.40 11.1.9 52.20 72.61 13.92 16.60 

59.12 62.13. 53.34 13.36 22.69 16.37 19.20 

0.25 

0.42 0.1.0 0.10 0.15 0.08 0.17 0.11 

0.78 

0.12 0.09 0.63 0.08 0.23 

0.32 0.85 0.33 0.76 0.34 

0.66 3.73. 2.49 1.85 1.72 2.79 

2.15 0.32 

- O.D. 

26-13 26-11. 40-1 40-2 40-3 1.0-4 1.0-5 

65.57 61.55 66.51 61.91 62.70 62.58 66.0!4 

19.07 19.63 21.16 18.43 22.95 23.22 18.49 

0.23 0.15 0.10 0.09 0.17 0.10 0.36 

0.06 0.00 0.00 0.00 - - - 

0.19 0.65 2.22 0.08 1.71 1.73 0.11 

1.95 1.54 13.14 1.57 8.78 8.67 5.85 

8.96 8.33 0.16 11.35 0.19 0.17 8.05 

0.13 0.50 0.00 - - - - 

905 9 99.1.8 97 971 

76.49 51.62 0.94 85.28 1.13 1.01 1,7.71 

1.3.09 40.59 8732 13.36 76.67 73.75 1.9.65 

0.97 3.39 10.34 2.1,0 22.76 23.59 0.1,2 

0.01 

0.21. 0.33 

0.27 

0.17 0.18 0.60 

0.91 2.06 0.17 

1.96 0.46 0.62 0.93 1.29 1.50 

0.30 

0.34 3.59 0.1.1 

0.09 0.02 

1132 

* 1203 
F.0 

Nb 

Coo 

1.20  

1102 

101.1 

Or 

lb 

In 

N. 

11 

01 

H, 

Co, 

31. 
0.1. 

01 

Lull 

Eli 

23-1 

62.38 

2 3.1,3 

0.20 

0.0!, 

4.98 

7.97 

0.71, 

0.0!, 

99.67 

1.39 

66.81 

26.78 

0.08 

0.1.0 

0.63 

2.91 

1. 	Fro Co.1y.rd Hill pyroonit. Incloolon 	2. Ne..or,.t In Eli. OnNo nonOhiqoite 



Amphiboles 

EN CIA 	I EN CHL 	I  CIA EN 

21-2 130.1 8-1 1-2 1-3 8-I, 1-5 8-10 0-11 28-3 11S-5 130-10 138-1.2 10-1 10-1. 12.4 12-9 

A N N B B B B B B C N C 0 B 0 0 0 

S10 38.97 39.86 39.87 10.01 38.98 38.82 39.90 38.59 38.65 1.0.1.7 38.87 38.29 38.37 39.10 39.17 39.73 39.53 

1102 6.30 1.50 1.33. 2.19 5.3.3 5.1.6 1.17 5.1.9 5.36 6.18 1.97 1.29 1.83 1.1.8 2.97 6.12 6.11 

A1203  13.83 13.15 11.71 11.05 13.61 19.67 11.03 11.51 11.56 12.78 13.27 11.56 13.56 13.88 11.67 13.1,9 13.59 

Cr20 - - 0.00 0.00 0.01 - - 0.01 - 0.11 - - 0.03, - - - - 

1.0 	- 11.56 13.16 8.89 13.11, 12.13 11.92 12.06 10.07 9.68 6.19 12.85 11.77 12.80 11.02 10.69 10.60 10.',) 

3320 11.12 10.96 13.25 10.48 11.23 11.33 11.72 12.03 12.16 17.03 11.18 11.12 10.79 12.24 13.12 12.144 12.58 

CoO 11.37 10.61 10.75 11.01. 11448 114.8 11.83 11.60 11.92 10.97 10.21 11.1.2 11.28 10.1.7 10.02 11.3,5 11.65 

1020 2.75 2.53 2.31 1.36 2.33 2.31 2.50 2.38 2.46 2.93 2.46 2.71 2.98 2.41, 2.82 2.25 2.11 

120  1.50 2.06 2.39 1.50 1.75 1.80 2.18 1.91. 1.99 1.70 0.99 1.19 1.56 2.23 1.01 1.69 1.81 

3110 - - 0.12 0.14 0.09 - - 0.06 - 0.02 - - 0.13 - - - - 

mIni 97.31 97.17 96.63 95.90 97.06 96.79 97.30 96.68 96.79 90.09 95.90 95.65 95.73 95A6 91.1,7 97.77 97.75 

Fore,,io bo,Cd On 23 0001100. 

SI 5.825 6.001 5.926 6.102 5.869 5.852 5.965 5.785 5.782 5.056 5.933 5.822 5.915 5.919 5.952 5.878 5.350 

Al 2.437 2.386 2.577 2.526 2.1,15 2.129 2.1.72 2.563, 2.567 2.150 2.387 2.609 24.32 2.1,76 2.627 2.353 2.371 

Fe 1.11.5 1.657 1.105 1.676 1.527 1.503 1.500 1.263 1.211 0.749 1.640 1.1,97 1.629 1.395 1.359 1.312 1.287 

mg 2.1.70 24.37 2.936 2.382 2.520 2.51.6 2.612 2.688 2.711 3.673 2.51.3 2.588 2.14.7 2.762 2.972 2.71,1, 2.775 

Co 1.821 1.716 1.712 1.804 1.852 1.854 1.795 1.863 1.911 1.701 1.671 1.860 1.839 1.698 1.631 1.815 1.367 

Na 0.783 0.711 0.666 0.9914 0.680 0.675 0.725 0.692 0.713. 0.651, 0.728 0.799 0.702 0.716 0.831 0.61.5 0.605 

K 0.286 0.996 0.453 0.292 0.344 0.946 0.416 0.371 0.380 0311 0.387 0.231 0.303 0.431 0.196 0.319 0.33.2 

TI 0.708 0.520 0.485 0.251 0.619 0.619 0.469 3.619 0.603 0.705 0.570 0.491 0.553 0.510 0.539 0.681 0680 

og 0.632 0.595 0.756 0.587 0.623 0.629 0.63'. 0.680 0.691 0.831 0.600 0.631 0600 0.664 0.636 0.677 0.633 

EN 

34-7 31-8 34-lI 34-12 39-1 35.7 35-11 32-1 92-3 32-4 11.14 11-5 11-6 36-3 36-7 36-9 
0 0 0 0 0 1 0 0 0 E F F F F F F 

0102 39.18 39.06 39.03 10.39 13.57 39.58 39.3,3 40.0 10.06 39.98 11.57 44.37 43.63 1.0.16 40.98 39.68 
TiO2  5.68 5.63 6.02 1.23 4. 1.2 5.67 5.66 1.35 1.32 1.70 2.39 2.1, 1. 2.51 2.78 2.89 2.89 

6120 3 11.17 11.21 14.,,8 13.97 12.33 13.52 13.32 12.37 13.66 13.35 10.68 10.1,3 11.30 11.1,7 13.48 15.37 
CF20 3  0.06 0.03 - - 0.10 0.34 - 0.06 0.06 - - 0.20 - 0.00 0.02 - 

Fe0 10.43 10.16 10.31 10.38 12.57 11.53 12.01 12.06 11.05 11.50 13.18 12.914 13.1,3 15.50 15.65 11.93 
CEO 12.60 12.68 12.42 13.11 10.74 10.76 10.75 11.68 11.92 11.3,1 12.52 12.38 11.71 9.1.2 9.85 9.89 
CeO 11.31, 11.33 11.41. 11.3.2 11.16 11.22 11.00 10.98 11.32 11.27 9.63 9.92 9.55 9.59 9.18 9.89 
9070 2.63 2.52 2.50 2.52 2.93 2.74 2.64 2.75 2.54 2.73 1.50 1.63 1.51 1.70 5.09 3,.',8 
K20 1.56 1.57 1.65 1.9. 1.47 1.65 1.56 1.51. 1.63 1.60 0.69 3.63 0.75 0.72 0.73 0.81 
Mn3 0.12 0.09 - - 0.19 0.1'. - 	 - 0.14 0.13 - - - - 0.21 0.19 - 

Total 97.76 97.58 97.3!. 97.35 97.56 97.08 96.36 97.12 96.76 96.54 98.76 97.91 97.39 97.56 98.05 97.65 

FAreU1O bns.,,1 On 29 0075005. 

01 5.313 5.790 5.7730 5.954 6.121 5.935 5.951, 6.094 6.001, 6.010 6.560 6.559 6.1,83 6062 6.155 5.960 
Al 2.3.76 2.3.86 2.523 2.3,27 2.265 2.3814 2.370 2.271 2.3,13 2.365 1.840 1.812 1.979 2.57'. 2.386 2.721 

1.203 1.299 1.275 1.280 1.612 1.486 .1.517 1.510 1.397 1.3,1.6 1.612 1.600 1.669 1.957 1.966 1.876 
Mg 2.7814 2.306 2.737 2.801 2.397 2.1,09 2.419 2.607 2.663 2.557 2.728 2.728 2.594 2.119 2.205 2.147 
Cc 1.801 1.802 1.512 1.804 1.791 1.506 1.780 1.762 1.815 1.515 1.509 1.571 1.520 1.551 1.177 1.592 
Na 0.756 0.725 0.717 3.506 0.851 0.798 0.773 0.798 0 .730 0.796 1.361 1.327 1.299 1.375 14.82 1.305 
II 0.295 0.297 0.311 0.290 0.281 0.316 0.300 0.2814 0.306 0.307 3.129 0.019 0.142 0.139 0.13.0 0.155 
TI 0.633 0.628 0.669 04.69 0.490 0.61.1 0.61.3 0.3.90 0.487 0.531 0.263 0.271 0.280 0.316 0.326 0.326 

0.683 0.636 0.682 0.692 0.599 0.613 0.615 0.633 0.656 0.639 0.629 	- 0.630 0.608 0.520 0.529 0.534 

A. 	Phflooryot In nonchlqolte H. MegAo.ysl in toll or Sos,.lt C. £ItorotIAn of ol1nopyI.,o.oe D. 	Olin-type 1 noOdle 

E. 	ElI--typo 2 nolol. F. EIIe-typ.. I. no.1,1. 



Opaques etc 

Titanomognefifes 8. sulphides 
COO BUT! RB BUT! RB 

130-15 270-12 	A-14 6.15 210-3 22-9 	23-0 23-5 23-6 271-3 34_9°  35-6 32-8 32-11 32-12 

1 2 6 B B B B 

0102 0.33 0.60 	0.00 3.00 0.73 0.36 	0.19 	- 0.12 1.51 8.65 0.06 0.50 3.08 0.11 0.04 

a120 7.19 2.36 0.02 11.69 2.35 0.13 	0.06 2.1.3 2.09 0.01. 0.07 0.17 0.06, 6.fl 0.27 

'.0 66.79 61.72 58.61 26.63 57.52 61.70 	66.28 60.6,1 73.51. 73.01. 59.1.6 60.21 60.1.5 73.90 42.63 

MgO 2.71. 1.28 	2.35 11..59 0.01. 0.15 	0.06 0.03 0.10 1.02 0.04 0.09 0.06 1.74 436 

CeO 0.01 0.01 	0.00 0.00 0.13 0.12 	0.19 0.00 0.38 0.01 0.29 0.26 0.02 0.12 0.12 

- 7103  15.27 21.50 0.06 0.17 26.65 0.15 	0.13 21.72 8.00 0.00 0.02 0.03 0.02 12.07 1.9.1.6 

C. 203  - 0.03 	0.00 0.00 - - - - - 0.00 0.01 0.02 0.26. 0.01. 

860 - 0.95 0.00 0.11. - - 	- - - - 0.05 0.01 0.02 0.1,6 0.59 

Totel 90.35 93.48 	61.23 53.22 86.51 62.58 	66.93 87.76 52.72 85.76 59.69 61.28 60.71 93.31 97.96 

1. 	COre 8011* 2. 018 BC 23-5 • 6000t.. pyrlte (F0B2) - 

Chrome - spinels 
EN ' 001 08 1.10 RPB - COL 

36-1 1,3-52 11-7 11-11 166-1 13.6-2 13.1-17 11.6-LA 	26-1 15-3 	15-7 240-5 26.1-3 246-10 16.621-6* 

C a a a 3 

1102 0.02 1.03 0.03 0.16 0.05 0.16 0.03 0.05 	0.07 0.04 	0.12 0.08 0.05 0.02 0.19 

61203 0.05 0.57 0.00 0.02 58.13. 59.1.1 52.11 50.16 	53.57 57.91 	37.91 59.13. 55.6.5 58.12 96.11 

F.0 l.1..l7 60.07 60.17 57.66 13.91 10.39 13.95 13.91 	15.25 12.00 	11.81 9.53, 9.34 9.53 1241 

8(0 1.92 0.00 0.07 0.38 21.12 21.24 19-00 21.13 	16.39 21.22 	20.30 20.62 20.75 20.97 19.89 

CeO 0.3*, 0.03 0.01 0.71 0.03 0.26 0.03 0.03 	0.00 0.00 	0.00 0.02 0.02 0.00 0.12 

7102 51.76 0.00 0.01 0.08 0.04 0.03 0.13 0.04 	0.08 0.28 	0.22 0.07 '0.02 0.07 0.1.8 

Cr203  0.00 - - - 9.59 7.36 9.75 9.87 	11.93 8.36 	8.17 8.30 11.96 9.69 12.78 

Moo 1.40 - - - 0.00 0.08 0.07 0.07 	0.19 0.12 	0.08 0.09 0.14 0.15 0.16 

Total 99.35 61.70 60.29 53.01 99.98 99.03 9707 100.26 	99.49 99.91 	90.51 97.85 97.92 98.53 130.14 

A. 	Type I 011. 006o1.n B. Typo 2 ElI. nod..1e. C. 	Typ. 6. 011. nodule. 

Pleonastes 
CR1 ?IDUA 06 

13.621-8 37-1 37-6 39-3 39.4 37-8 61-1 00-8 80-9 

I. 

6132 0.25 0.05 0.07 - - 0.08 0.12 0.08 0.09 

61203 53.85 59.01 58.97 56.57 33.37 08.53 61.57 61.10 61.50 
P.O 13.12 13.60 9.90 22.23 21.00 10.33 17.70 17.66 17.33 	 3 •4 I• 	SpIn.1. from 90*006. CoIl. In 1680.01St. 
8(0 10.64 20.61 20.91 16.39 15.26 20.68 19.76 19.57 19.1.8 	 10010.1011. 
COO 0.12 0.00 0.31 - - 0.00 0.00 0.01 0.00 

0.77 0.13 0.24 0.56 0.96 0.10 , 	0.48 0.164 0.51 

Cr20 3  11.52 8.32 8.35 3.18 5.1', 8.93 0.02 - - 
I 	800 0.15 0.1,4 0.15 0.20 0.1.2 0.13 - - - 

1 1 111111  98.42 9835 9639 9933 9637 q8.82 99 9831 

hornets (Hie) 
C- - - - B C----8 

1102 6.1.79 1.1.69 1.1.69 1,1.61 6.1.52 1,1.64 6,1.40 

61203 23.6.1, 23.6.3 23.31. 23.39 23.26 23.1.1 23.22 

P.O 9.96 9.83 10.69 10.66 10.90 106.66 9.96 
6c0 18.66. 18.50 18.1.3 18.07 18.10 18.30 18.94 
CoO 5.33 5.26 5.27 5.33 5.25 5.33 5.45 

7102 0.36 0.36 0.40 0.1.2 0.6,0 0.1.2 0.38 

C1 203  0.08 0.08 0.01 0.07 0.07 0.06 0.19 
6661 0.35 0.32 0.33 0.33 0.33 0.38 0.54 

Total 99.99 99.30 100.20 99.86 99.63 100.20 99.76 

C- .9 denotel Core o_,,d rth .11017.0.. 



Anorthoclase 

CHA RP3 AN CHA END XL ENT 

Sb 2  68.39 67.79 67.73 67.82 67.1.; 69.19 71.02 71.35 66.73 66.78 69.62 

A1 20 3  19.25 19.3 6  19.55 19.1.9 19.59 18.76 19.28 19.38 18.88 19.25 19.1.9 
FeO 0.17 i 	 0.17 0.1.1+ 3.11+ 0.13 0.16 0.1I 0.19 0.1:5 0.11+ 0.16 

MgO 0.00 0.02 0.00 0.03 0.03 0.01+ 0.01 0.01+  0.02 0.01+ 0.03 

CaO 0.47 0.1+3 0.37 0.45 0.51 0.21 0.29 0.2 0.33 0.1.5 0.1.5 

Na20 8.93 8.81+ 8.88 8.33 8.61 9.51 9.38 9.31 5.78 5.92 8.58 

X20 2.69 3.36 3.03 2.89 2.92 3.03 2.32 2.29 7.96 7.91. 3.09 	 0CALTIS 

T102  0.02 0.02 0.00 0.05 0.00 0.03 0.02 0.01 0.07 0.04 0.05 

Total 99.92 99.99 99.70 99.20 99.21+ 130.92 102.1.6 102.85 99.90 130.55 101.50 	 CHA. 	Coalyard Hill sheet 

RPB. 	Rudons Point sheet 

Or 15.91 19.86 17.96 17.22 17.39 17.75 13.38 13.16 1.7.11 1.6.68 18.00 AN. Ardross Neck dyke 

Ab 75.62 71..81 75.3 7  71.05 73.1.1 78.92 77.1+8 76.60 1.8.98 1+9.83 71.55 END. Elie Ness dye 
An 2.33 2.13 1.81+ 2.25 2.55 1.1.0 1.35 1.6.. 2.22 2.18 XL. Kellie Law 
Ne 
Ii 0.01+ 0.01+ 0.1.0 0.09 ENT. Elie Ness tuff 

01 
My 0.23 0.33 0.26 0.25 0.32 0.28 0.1+1+ 0.33 0.35 0.23 
Cor 0.79 0.1.0 0.99 1.85 1.35 0.79 1.05 0.16 0.13 1.20 
tz 5.02 2.1+3 3.58 7.28 4.99 2.32 6.67 7.1+0 1.79 0.81 6.70 

Rut 
Dl 0.76 

o11 0.06 



Biotites 
EN 

33-2 33-3 33-7 
A A A 

S1 2  37.18 37.10 37.5+ 
T102  3.57 3.63 3.23 
A1203  114.147 14.53 114.34 

Cr20 3  0.06 - - 

FeO 11 .95 15.03 15.16 
Mao 1I+.71 11.78 15.33 
CaO 0.00 0.06 0.05 
Na2O 0.91 0.88 0.83 

1(20  8.93 8.18 8.62 
MnO 0.13 - - 

Total 91+.91 74.I+8 95.10 

MgO /FeO 0.98 0.98 1.12 

DN 

11-2 11-3 11-11+ 36-2 36-6 30-1 30-2 20-1 20-10 19B-1 
B B B B B C C D E 

37.70 37.99 37.16 35.53 35.18 35.72 35.93 36.20 35.98 37.914 
3.05 2.98 2.76 3.73 3.81 5.23 5.23 2.18 1.91 3.77 

114.27 114.11 13.73 15.79 15.53 13.10 13.26 16.26 15.15 15.76 
0.014 - - 0.00 - 0.00 0.00 - - 1.90 

114.11 114.11 13.69 17.23 17.02 23.18 23.15 19.72 21.56 3.70 
15.80 15.98 16.143 13.714 13.69 9.114 9.00 10.85 10.73 21.35 
0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01+ 0.07 
1.08 0.95 1.09 0.98 1.12 0.75 0.87 0.37 0.28 0.96 
8.23 8.23 8.17 8.50 8.28 8.59 8.14 8 9.13 8.81 9.01+ 
- - - 0.21 - 0.32 0.30 - - 0.03 

914.29 ( 914.65 93.0l 95.70 91+.62 96.63 96.22 914.71 914.145 914.51 

1.12 	1.13 	1.20 	0.80 	0.80 	1 	0.39 	0.39 	I 	0.55 	0.50 	I 	5.77 

A. 	Elie-type 3  nodules 
	

B. 	Elie-type 14 nodules 	C. 	Elle-type 5 nodules 	D. Tonalite inclusion 	E. 	Lherzolite inclusion 
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nodules. - The resulting separates were 'micronied' , a technique 



Table A2-1 

XRF machine conditions for major-element analysis. 

(As preset on automatic pegboard.) 

Channel 	Counts kV mA Coil.. Crystal Time on W-l. 

(secs) 

Si 10 IfO 2If C 2-1 17.8 

Al 3 x lO IfO 21~ C 2-1 1If.2 

Fe 10 1~0 21~ F 3-1  

Mg 10 1~0 32 C 1-1 17.9 

MgBg Timed) 40 32 C 1-1 17.9 

Ca 10 1~0 8 F. 2-1 15.5 

Na 3 x 103  IO 32 C 1-1 21~ .5 

NaBg Timed 1~0 32 C 1-1 24.5 

K 10 10 21~ C 2-1 32.5 

Ti 3 x 101~ 1~0 21~ F 3-1 16.7 

p 103  60 21~ F .  2-1 26.0 

PBg Timed 60 21~ F 2-1 26.0 

1 

Coll...colljmator (fine or coarse). 

Timed...background count set to count-time of peak. 

Time on W-l...approximate time to attain preset counts on 

USGS standard W-1 under good operating conditions. 
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Taole A2-2 

Precision of XF major-element procedure. 

All analyses for sample XR-26. 

Oxide Mean 	 d C % 

Si02  45.29 	0.073 0.16 

A1203 
 14.89 	0.274 1.84  

-TiO2 2'91F 	 O.075 2.55 

MgO 7.27 	0.103 1.42 

7e203Tot 10. 	0.078 O.7L 

CaO 9 280.089 0.96 

Na20 1.93 	0.112 2.27 

K2O 1.67 	0.013 0.78 

2°5 1.19 	0.008 0.67 

Comparison with fusion technique. 

Oxide Powder method Fusion method 
(mean) 

Si02  ) 5.29 45.53 

A1203  l.89 114-.35 

Tb 2  2.91f 2.79 

MgO 7.27 6.71 

CaO 10. 10 .7 

- Fe20 3Tot 9.28 9.18 

K2O 1.67 i.65 

1.19 1.19 

6 ...standard deviation. 

C °!e ...relative deviation (1006/mean) 



the main pak. An average count was then obtained. This, along 

2-4. 
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APPbIDIX 

Hjh-pressure exerimeuta1 procedure 

te-cbniqu described by Richardngn et.à1(1968) in whih. the:effect 



3-2. 

of friction on.the rneaaired 'nominal pressure' is taken to result 



pressure medium and Pt/pt87flh, 3 ' thermocouples were used. as tempera-. 
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t Table Atf-1 

j 	1 

Accuracy of ferrous-ferric recalculation by FE3CALC3 

D.H.Z. FE3CALC3 

Clinopyroxene FeO Fe203  FeO Fe203  

Ferrohedenbergite 7-) 29.10 1.66 28.67 2.13 

Ferrosalite 	5-31 17.33 0.70 17.95 0.01 

Chronilan-augite 17-1 3.53 2.66 1.53 1.55 

Augite 	17-6 7.71 0.72 7.21 1.38 

Aegirine 12-1 0 14 3927 29.50  

Augite 	17-18 lLf.25 0.59 ii+ ,08 0.78 

Augite 	17'12 5.03 7.83 lf.l9 8.76 

(Number 	after titles refer to table and analysis number in volume 2 of 
Deer, Howie and Zussman--Chain Silicates--1963) 



Table A1.-2 

Error effects on results of PXENDCR 

Oxide A B. C D P15-3 

sjo2  52.86 50.78 52.86 50.78 51.82 

A1203  7.29 7.01 7.29 7.01 7.15 

Fe203  0.34 0.3 0.3. ..:0.3 

FeO 2 . 2. 7L- 2.74 2. 714- 2. 71 -  

MgO 15.06 i)~ .16 i+.i+6 15.06 lk.76 

CaO 20.014- 19.26 19.26 2O.Olç. 19.65 

Na20 1.80 1.80 1.80 1.80 1.80 

K20 0.03 0.03 0.03 0.03 0.03 

Cr203  0.73 0.73 0.73 0.73 0.73  

T102  0.83.. . 0.83 0.83 0.83 0.83 

Acmite 0.13 1.44 -6.08 7,70 0.79 

Soda-Cr. 2.05 2.13 2.08 2.09 2.09 

Jadeite 10.35 9.44 16.72 3.01 9.89 

Iron values recalculated from above data and substituted 
into PXENDCR to obtain the above end-member values. 

0.05 0 .52 -2.21k 2.82 0.314  

FeO 3.00 2.58 5.07 0.51 2.71 

A....Si, Al, Mg, Ca all raised by 2% 
B....S1, Al, Mg, Ca all decreased by 2 /o 

C....Si, Al raised; Mg, Ca decreased by 2 % 
D....Si, Al decreased; Mg, Ca raised by 2% 



42.: 

method of Kushiro (1962 ) ing aiother prograe, PXENDS. This 

was developed :by R. G. Cawthàrue and amended by the author. As 
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Ultrabasic inclusions from the Coalyard Hill Vent, Fife 

N. A. CHAPMAN 

Grant Institute of Geology, Edinburgh 

Sirosis 

The petrography and field relations of a hitherto undescribed occurrence of 
lherzolitic and amphibole-biotite pyroxenite inclusions in basanite and monch-. 
iquite sheets associated with one of the Fife tuff-pipes are briefly discussed. 

INTRODUCTION 

Two small basanitic and monchiquitic sheets associated with the Coalyard Hill 
volcanic vent contain an assemblage of megacrysts which may be fragments of inclusions 
or representative of a relatively high-pressure phenocryst assemblage, and ultrabasic 

inclusions. 
Although these occurrences have been known for many years, no description of the 

inclusions has hitherto been published. The purpose of this note is to provide a pre-
liniinary account of the sheets which are of interest in that whereas both are likely to 
represent intrusive events very close in time, they contain contrasting lherzolitic and 
amphibole-biotite pyroxenitic suites of inclusions. 

The Coalyard Hill diatreme is one of a number of Upper Carboniferous volcanic 

(necks aligned along a 4  km stretch of coast (where the Ardross fault is a dominant 
structural feature), between Elie and St. Monance in Fife. The diatremes were first 

) described by Geikie (1902) and subsequently by Cumming (1928, 1936), Francis (1960, 

1969, 1970) and Francis and Hopgood (1970). 

The lherzolite locality (Fig. i) lies on the margin of the diatreme, about 200 in ENE. 

of Ardross Farm and a little below High-Water Mark [NOs 11008]. The inclusions 

occur in a steepJy inclined basanite sheet approximately 15 m thick, exposed over a 
distance of a few metres around the margin of the vent, flanked by tuff to the east and 
highly disturbed sediments to the west. 

The host rock is a fine-grained, slightly porphyritic basanite, with a groundmass of 

labradorite (An 15)
1 
 titanaugite, magnetite, nepheline and analcinie. It contains xeno-

crysts of olivine, clinopyroxene, orthopyroxene and spinel, believed to be derived from 
the inclusions. The spinels are commonly marginally altered to magnetite. Most of 
the olivine is serpentinized and the host rock is highly carbonated and cut by many fine 
fractures radiating from theinclusions. 

Scott. J. Geol. 10, (i), 223-227, 1974 
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THE INCLUSIONS 

The inclusions are concentrated at the base of the sheet where they comprise- at least 
70 per cent of the rock volume. They vary in size from 300mm across down to a few 
millimetres, and are generally sub-rounded in outline. Many are in extreme stages of 
alteration and the whole outcrop is riddled with thin calcite veins. Inthin section the 
edges of the inclusions are seen to be ragged, and fragmentation is indicated by the 
xenocrysts and small ultrabasic crystal aggregates in the basanite host. 

The inclusions are spinel-bearing lherzolites with rare wehrlites and clinopyroxenites. 
The majority of the lherzolites are highly serpentinized and carbonated so that in most 
samples only a little fresh olivine can be seen, and in general, a colourless mosaic of 
alteration products is all that remains. These contain scattered blebs of sulphide and 
some ilmenite lamellae. Texturally there is little variation in this suite of inclusions, 
and all can be described as granoblastic, having undergone enough recrystallization 
to obliterate any primaiy igneous textures. One specimen consists of a single large 
clinopyroxene crystal twisted along its length, and surrounded by a mosaic of small 
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altered olivihe crystals, probably representing cataclasis and recrystallization of the 
olivine matrix (cf. Spry 1968). 

The spine1 is a uniform pale greenish-brown in all specimens, and is often rimmed 
by magnetite. Some very fme exsolution lamellae are visible in some of the ortho-
pyroxenes, and rarely sinai1 lamellae of exsolved spine1 are present in the diopside. 
Where diopside occurs at inclusion margins it is often rimmed with overgrowths of 
titanaugite, as are many of the diopside and enstatite xenocrysts in the host. Fractures 
in some of the ultrabasic blocks have been invaded by the host basanite. Thin veinlets 
of the latter show quench crystals of titanaugite and plagioclase with some glass. Rutile 
was found in one such vein, and biotite was also noted. 

A second, monchiquitic, sheet was also examined, showing a much greater degree 
of alteration than the basanite. This sheet is nearly horizontal and about 2 m thick, 
outcropping some 5o in to the south-east of the last locality between high and low 
water marks, also near the vent margin. 'It consists of a fine-grained matrix of dm0-

pyroxene, analcime, carbonate and chlorite with small phenocrysts of, olivine, augite 
and apatite. It also contains abundant amphibole and feldspar megacrysts as well as 
some xenoliths of sandstone. Only one ultrabasic inclusion was found, consisting of 

CLINOPYROXENE 

OLI 

Fic. 2. Modal analyses of spinel-lherzolites from British Carboniferous localities. (Some Calton 
Hill analyses after Hamad, 1963) 
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titanaugite, olivine and minor opaque phases. Kaersutite and biotite occur interstitially. 
The host rock contains abundant rounded megacrysts of amphibole similar to that seen 
in the inclusions, up to 10 mm across and rimmed by magnetite. The feldspar megacrysts 
consist of anorthoclase (sometimes with associated biotite), of composition Or 1 7Ab81An2 . 

One perfect eu}iedral twinned anorthoclase was found, about 8o mm long, although the 
majority of the big feldspar crystals are well rounded and anhedral.. Scarce clino-
pyroxene megacrysts were also noted. - 

DISCUSSION 

The occurrence of ultrabasic inclusions is well known in the minor intrusions and 
vents of Fife. Thus spine1 lherzolites occur in basaltic blocks from the Ardross Neck 
tuff, and also in basanite at Ruddon's Point. Inclusions of amphibole-biotite pyroxenite, 
consisting of clinopyroxene, kaersutite, biotite, olivine and plagioclase, in widely 
varying proportions, are found in tuff at Elie Ness and Kincraig Hill, and in dykes 
cutting the Elie Ness and Ardross Necks. Anorthoclase megacrysts from the basanite 
at Ruddon's Point, and from a dyke cutting the Ardross Neck have been analysed, and 

have compositions respectively of 0r 21Ab 77An2  and Or19Ab 79An2, very similar to 
those from Coalyard Hill. Megacrysts of amphibole and pyroxene are common to 
the tuffs and minor intrusions of nearly all localities where pyroxenitic inclusions are 
found, and pyrope is well known from the Elie Ness tuff. 

The importance of the Coalyard Hill locality lies in the close association of the 
lherzolitic and pyroxenitic inclusion suites, and in the occurrence of anorthoclase mega-
crysts in the monchiquite. These latter most probably represent high-pressure pheno-
crysts, as any xenocrystal origin seems unlikely. Dickey (1968) noted similar anortho-

clase megacrysts (Or j2Abs4An4) in melanephelinites from New Zealand, and suggested 
that their co-precipitation with augite and pyrope from an alkali-basaltic magma could 
change the composition of the liquid to that of the host melanephelinite. It is intended 
to carry out further analytical work and high-temperature controlled pressure simula-
tions to ascertain the effects of megacryst extraction on the Coalyard Hill host 
rock. - 

The evidence from this locality shows no genetic affmities between the two groups 
of inclusions, which would appear to represent two quite different modes of origin. 
Comparison of the lherzolite suite of inclusions with those of other localities (cf. Harris 

et al. 1972) would indicate a mantle origin, while data so far available on the mineralogy 
of the pyroxenitic inclusions suggests a higher level cognate origin for this suite. 
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