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ABSTRACT

Basaltic lava Nows were erupted 2500 2000 yr B.P_along the Great Rift volcanic rift zone at the
aters of the Moon lava field in the Snake River Plain volcanic province, Idaho. These Alows form a
serse suite of rock types near the northern edge of the Snake River Plain but typical Snake River Plain
e hasalts were erupted nearly contemporancously at the center of the plain. The Craters of the
Bon Java Mows range from basalt 1o (e hivie, whereas rocks typical of the Snake River Plam are
«ne basalt and rhyohite with no intermediate types. The Craters of the Moon lava flows have
emical and mineralogical features that do not (it conveniently into any of several currently
Jrommended rock classifications. Suggested names for the Craters ol the Moon rocks. based on color
$dex, SIO,. PO, and Ti( ), contents, modal feldspar plus glass contents, Ia contents of olivine, and
dspar compositions. are hasalt. trachybasalt, tristanite, and trachyte. Both the Craters of the Moon
l-,¢ Snake River Plain rocks are dominated by plagioclase and olivine and contain minor or lesser
«nounts of pyroxene. However. the Craters of the Moon rocks lack the Mg Aland Cr-rich spinels and
eMg-rich olivines found in Snake River Plain basalts Instead. the Craters of the Moon lava flows
ntain Fe-rich olivine. rare I-e-rich pyroxenc. and minor alkali feldspar. Accessory minerals in the
aters of the Moon rocks are zircon and apatite. Chemical and mineralogical data. including
Frompson Space representations and mass balance calculations. suggest a genetic link between the
{1ake River Plain basalts and the Craters of the Moon lava flows Thermodynamic modeling suggests
itaugite could appear on the liquidus of the Craters of the Moon lava flows al high pressures and
{duding a more magnesian (carlier?) pyroxenc in the fractionating assemblage improves the least-
aares mass balance result. Processes of crystal fractionation and accumulation, overprinted by
" tamination by puniceous thyohite. can aceount for much of the diversity witlun the rock types from
Craters of the Moon Liva field.

!i INTRODUCTION

¢ The Snake River Plain volcanic province is aptly described by the quotation

{mmonly. all volcanoes of a given “province™ or arca will erupt lavas which, although
Mlering considerably, have persistent chemical characteristics that point to a common
l‘ngln. How they originate and the reasons for their chemical diversity arc among the most
mportant questions of igneous petrology’ (Verhoogen er al., 1970). A distinctive
(aracteristic of the Snake River Plain lava flows. chielly basalts, is a hmited range in
sremical and mineralogical composition. They are typically low in silica and total alkalis,
(thiniron. and they crystallize olivine first. followed by plagioclase (Powers. 1960; Waters.
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1961; Stone, 1967; Jones. 1970: Leeman, 1974, 1982a, 1982bh; Thompson, 1975: Stout & 117> 116° 115° 1 4® 113° e’ i B e

Nicholls, 1977). The province is dominated by olivine basalt and rhyolite: differentiated rocks d y ZENT i 4 ! K";me'a’s '

are present only locally. One locality where diflerentiated rocks are a significant part of the 4 o 100 200
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volcanic pile is the Craters of the Moon lava field (Kuntz et al., 1986a). Suggested petrologic
interpretations that relate these rock types have been discussed by Kuntz et al. (1992).
This paper describes the chemical and mineralogical variations in a suite of basaltic and |
related rocks from Craters of the Moon (COM) lava field that formed during the youngest ‘
eruptive period. the 2500- 2000 yr B.P. period A [terminology from Kuntz et al. (1986a)]. We |
present a data set for 22 rocks that represent most of the main lava flows of eruptive period A. | 44°[
This data set includes major-element analyses of the rocks and minerals, modal analyses, and
distinctive petrographic features. We also suggest a possible nomenclature for the period A
(COM-A)rocks andillustrate the differences and similarities between COM-A rocks and the
olivine basalts of the Snake River Plain. Four samples have been selected to illustrate the
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Oregon

Craters
of the
Moon

COM-A rocks because they represent the vanation in rock and mineral chemistry and in —_— ‘0:';:: 5 .
rock nomenclature. Accordingly. electron microprobe analyses of the minerals in only these ,
four rocks are presented. However. the complete mineral-chemistry data set. gathered from § \
microprobe analyses of minerals in all 22 COM-A samples, is illustrated in figures and \ Wyoming
available from the authors. 40° pb -
Nevada J
SNAKE RIVER PLAIN . ' :

The Snake River Plain (SRP) is an arcuate structural and topographic depression of
600-km length and SO 100-km width in southern Idaho. The plain is bounded on the north
by the Cretaceous plutonic rocks of the Idaho batholith and by block-faulted mountains that oBoane Teve Waids of - -—
consist of folded Precambrian, Paleozoic, and Mesozoic rocks that were uplifted along NW- | guptive perioa A wﬁ‘ﬁéf’é?“gép‘é?ﬁs Ic?r!\'(;o'V ﬁ‘#ﬁé‘.’é?‘é’zp‘é’s‘.‘,’s 'c'?r'\'c'f""
trending normal faults during Cenozoic basin-and-range tectonism. Similar block-fault { Terfiary: basaific lava flows basalile, laves, flowy of he
mountains bound the plain along its southern margin. Tertiary rhyolitic and basaltic rocks of
the Owyhee Platcau border the southwest side of the plain. and late Tertiary and Quaternary \Q\\\\ i
rhyolitic and basaltic rocks of the Yellowstone Plateau are at the northeast end of the plain * \\\\\ faraig s
(Fig' 1. i 'Quotemcuy\ cmd\ Tertlary Clelclce(l)ustgrcl)nlnc rocks Basin and Range

The western SRP is a late Neogene, fault-bounded graben containing basalt and rhyolite ™yolitic rocks mgggz'gllgs ﬁo%holig%: cinid
lava flows and thick, interbedded detrital sediments (Malde & Powers, 1962; Malde, 1991) ‘ régfsmbr'lon sedimentary

The eastern SRP is a broad, flat, lava plain consisting of mostly Pleistocenc and Holocene
basaltic lava flows and thin, interbedded sediments (Malde, 1991; Kuntz et al., 1992). Most {Fii 1 Map showmg the location of 25000 2000 vr B, Liva fields (Craters of the Moon. Kings Bowl, and Wapi)
lava fields of the SRP province represent monogenetic eruptions from vents that are widely | within the Snike River Plun. Idaho

scattered in both space and time. The three latest Pleistocene to Holocene lava fields, Craters |

of the Moon, Kings Bowl, and Wapi, are located along the Great Rift, a voleanic rift zoneof | [ ayq flows of the COM field have a broad range in chemical composition; the broadest

85-km length and 2 8-km width (Fig. 2, Kuntz er al., 1988). {range (46:6 63-5% SiO,) is in Mlows [rom eruptive period A (Kuntz et al., 1986a). The
{lratigraphic order of major lava flows, radiocarbon ages, lava types of major lows, and
CRATERS OF THE MOON LAVA FIELD Jsouree vents for cruptive period A are listed in Table | and shown in Fig. 2. The flows or flow

The Craters of the Moon (COM) lava field contrasts with other lava fields in the SRP | duences of the period A-COM lava field and ficld numbers of the 22 chosen samples are
because it is a composite, polygenetic field composed of at least 60 flows erupted from 25 };"[}"I in Table 2. The Kings Bowl and Wapi lava llclds,‘ulnng the southern part of the Greal
tephra cones and at least 8 eruptive-fissure systems. The COM field is the largest, dominantly 'Rift voleanic ZONg.AIe ~‘l_’Pr“K““i‘_l.C|y coeval with l'hc COM-A flows alpng lh(f norlhernparl
Holocene lava field in the conterminous USA: it covers ~ 1600 km? and contains ~ 30 km' ;nflhc Great Rift volcanic zone (Fig. 2), but the Kings Bowl and Wapi lava fields consist of
of lava flows. and associated vent and pyroclastic deposits. Stratigraphic relationships. tolivine basalt flows that are similar to the olivine basalts covering the vast part of the SRP.
paleomagnetic studies, and radiocarbon ages (Kuntz et al., 1986h) show that the COM field {
formed during eight eruptive periods, designated as H, oldest, to A, youngest. The first | ANALYTICAL METHODS
eruptive period (H) began ~ 15000 yr B.P. and the latest eruptive period (A) began ~2500y7 | Mades of COM-A rocks were determined by automatic counting on the electron microprobe, thus
B.P. and ended ~ 2000 yr B.P. (Kuntz et al., 1986a). aiminating the Holmes effect (Chayes, 1956, Chapter 11) and allowing the identification of small
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| ! TapLe |
113°30' ' {aes, informal names, and source vents for lava flows of period A, Craters of the
i Voon Kings Bowl_and Wapi lava fields, Snake River Plam, ldaho (Kuntz ¢t al |
' 198060, 1986h)
{ Radiocarbim auae Source rents
L 25 kilometers ] Craters of the Moon (vr) Informal name of major flows (querted where uncertain)
sunset Cone Lova Fleld —_— e =
‘;ﬁ( Vent Grassy H nd Broken Top Fruptive lissures. cast and south flanks of

d
7 4
\ £ Cone el Broken Top cinder cone
ruptive Fissure ’ 1 - N .
North Crater 4 : 7 \ 2076 4 45 Blue Dragon Lruptive lissures south of Big Craters
\\ Noneruptive Fissure Big Cro'e(‘s : e z cinder cone complex
A 1 2205 25 Trench Mortar Flat Eruptive lissures between Big Cinder
C i Butte and The Watchman cinder cones
C
i’ P , nd North Crater North Crater cnder cone
:,' | 2400 1 300 Big Craters (Green Dragon) I'ruptive fissure at north end of Big
Big Cinder /\ Great Rift Craters cinder cone
Buite . volcanic rift zone n.d Serrile North Crater cinder cone (?)
The Watchman \\ nad Devils Orchard North Critter eder cone (7)
nd Highwiy North Crater einder cone (?) or tholoid
vent (7) between Grassy Cone and Sunset
Cone cinder cones
5 23224 1N Kings Bowl Iissure vents north and south of Kings
Bowl
—43°% 5° N \ 22701 50 Wiapi Vents at Pillar Butte
43°15 W = 2 : .

Blue Dragon flows

A~ o A
@ R

Wapi, Kings Bowl
lavo fields

Trench Mortor

ad references therein]. Analytical methods used for a Devils Orchard rock (DO2, Table 2) have been
aven by Leeman ef al (1976). Analyses are listed in Table 3.

Minerals and plasses were analyzed with an Applicd Rescarch Laboratories SEMQ 8-channel
welength dispersive electron microprobe. Eight elements were determined simultancously under the
pllowing operating conditions: take-off angle, 52-5 S accelerating voltage, 15 kV:emission current, 300
JAbeam current. 0415 mA - on minerals and 005 mA on glass: beam diameter <1 pm - (size of

Flat flow iminescent spot on plagroclase ) counting time. 20 s on minerals. 40 s on glass. Correction procedures.
_ simates of precision and detection limits have been described by Nicholls & Stout (1988, pp. 1056 7).
Big Craters flow chi Lava

Field ——» o | CLASSIFICATION
serale, Devils Orchard, | COM-A rocks do not fit conveniently into currently recommended rock classifications.

Highway flows

L]

Lova flows af eruptive
periodsB H J

ffor example. the most MgO-rich. SiO,-poor COM-A rock is basalt in the TUGS modal
passification (Streckeisen, 1979). alkali basalt according to Irvine & Baragar (1971).
fachybasalt in the TUGS chemical classification (La Bas et al., 1986). and andesite in the
rormative UGS classification (Streckeisen, 1979). The extensive basalt lows of the SRP are
ss problematic: they have been called olivine tholciitic basalts (Leeman, 1975), alkali
ivine basalts (Stout & Nicholls, 1977) or simply olivine basalts (Kuntz et al., 1986a). This
riation in basalt names reflects the different criteria used to classily rocks, normative vs.
imodal mineralogy. rather than any fundamental disagreement about the composition of the

crystals that are often difficult to identify by optical methods. One-second counts on Ca, K. Na, Ti,Si RP basalts. That they are ohivine basalts 1s not in doubt.

Al Fe.and Mg were ranked ¢ S ared wi S sxpecte 5 ase rocks | ; L ieni
/ e, and Mg were |>|nkul n.ul}unlp‘\uld \\11!1 the ranking expected for the minerals in these rocks The glass contents of the COM-A rocks renders assigning names based on modal
e standard lines (Nicholls & Stout, 1986). Counting was done on a 200-um grid spacing, and an f

average of S000 spots were analyzed per sample. Approximately 75% of the analyzed spots in cach fincralogy d'”.'cr‘”L In an attempt {o-avercome lhlis.pmblcm. the {110(105 were no'rmuli/.cd
sampler were identified as specific minerals or as glass. The modes were normalized to 1007 excluding :x.m free to provide an estimate of color index that is independent of gl:!ss conlcn}l (Table 4).
the unidentified spots. iMhis assumes that glass would crystallize to a mincral assemblage of phases in the same
Rocks were analyzed by combined X-ray fluorescence and chemical methods [ Kuntz ef al. (1985 ?\mpor[i()nﬁ as identified crystals in the rock. The presence of only a few phenocrysts (< 1%

|

Fiii 2 Map of Craters of the Moon, Kings Bowl. and Wapi lava fields along the Great Rift voleanic rift zone ¢
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TABLE 2 TanLr 3
Flow sequences and field numbers of samples referred to in text, figures, and :i'h('mi(‘ul analyses of the Craters of the Moon, period A /xu*g flows [ Kuntz ct al., (1985), except
other tables [ Kuniz et al. (1985), excluding samples marked with an asterisk]; HYI, unpublished analysis]
rock types are those discussed in text P BT? o 8D 802 TME! - acl BC2
Flow or flow sequence Field no. Label in text Rock 1ype ! 0, 4781 5049 5089 4901 4961 4979 S1-08 5126 51-55
Ti0, 320 264 267 287 275 291 257 251 2:55
Braken Tog fow L3 Sl Olivine basalt 1.0 1359 12 14:22 1341 1382 1365 1329 14-22 14-37
TRK 12 BT2 Trachybasalt fe0, 117 186 112 077 232 115 -2 1-35 196
78K 13 BT3 Trachybasalt S 1462 1307 1205 14-50 1297 1343 1216 1328 12:77
Blue Dragon flows 78K 52 BDI Trachybasalt 1\in0 0126 024 024 024 025 024 0:23 025 024
79K 106 BD2 Trachybasalt ) 397 291 283 334 325 365 m: 2:90 :E;g
Trench Mortar Flat flow 78K 46 TMFI Trachybasalt %' 10 73 697 703 693 6:56 7 :9 “”:; {: :; AL
78K 126 TMF2 Trachybasalt N30 345 144 343 361 347 : 28 ¥s: 38 5
78K 43B* TMF3 Trachybasalt [r0 180 219 218 203 205 205 239 2 H‘( 218
T8K42A" T™I4 Trachybasalt PO 216 177 1-60 1-77 -8R 1-84 1-44 16 v
H0' 01% 013 003 020 041 027 013 033 018
S Cran how 12KP07 e Trachybasalt o 004 010 004 014 010 012 006 009 012
78K 122* NC2 Trachybasalt ie0, 011 004 003 010 01 005 002 009 0-04
Big Crater Mows 79K 12 BCI Trachybasalt Total 9987 9897 10036 9892 9955 100402 9851 100-04 100-65
78K 19 BC2 Trachybasalt —_— =
78K 120 BC3 Trachybasalt BC3 sel Se2 se3 Dol no2 1yl Hy2
g 2 . ¢ e e P e o
serate flow ;:Ekl);l gié {:'.\fu;'y’:? 30, 52404 5451 5991 6155 5675 62:60 5470 6288
79K93 Sed Trachyte ino, 254 182 095 0-6% 29 073 170 067
‘ 00 1391 13-84 1394 14-42 1451 1480 13:80 1449
Devils Orchard flow DO-1 DOI Tristanite {.0\ ok 5 o4 pi i i 154n o
K182 BO2 Trachyte R 140 118 744 762 1063 745 nd 758
Highway flow 78K151* Hyl Tristanite () 024 01 018 018 025 0-20 026 017
78K 152 Hy2 Trachyte e 208 1:K2 052 036 1112 035 167 027
T8K4* Hy3 I'rachyte 0 676 525 155 302 456 319 505 204
- - ' \1,0 357 378 400 180 402 405 1K0 420
im 231 287 191 452 132 467 297 464
120, 147 103 029 019 063 019 101 014
14.0° 018 028 011 030 015 018 <001 014
i - i M0 003 00s <001 010 003 001 <001 003
by volume) in these rocks suggests that the glass compositions are similar to the 0. 004 002 401 008 001 006 <001 002
groundmass-dominated, whole-rock compositions. The more mafic rocks have estimated 'z 10050 9N RS 9775 97-60 9966 10027 10036 9905

color indices > 20, whereas the more felsic rocks have estimated color indices < 10. Only {
three of the 22 rocks (Sel, DOI, and Hy1) have estimated color indices between 10 and 20 |
The four samples selected to represent the variation in the COM-A rock types are: (I L e least primitive rock (Table 2). We suggest that these predominantly fine-grained. glassy
Broken Top flow. BT, which is the most primitive rock in this study and has the lowest Si0. :'.\d\x are best described by a classification based on their whole-rock chemistry, by the
and highest MgO contents; (2) a less primitive Broken Top flow, BT2; (3) Serrate flow, Sel mounts of feldspar and glass. and by the composition of the dominant mineral phase,
and (4) Serrate flow, Se2, representing the least primitive rocks. The rock names derived from {eldspar.
the widely used classification developed by Irvine & Baragar (1971), the 1UGS
recommended chemical classification (Le Bas et al.., 1986), and the IUGS recommended
modal and normative classifications (Streckeisen, 1979) are illustrated and summarized in o o= SRP
Fig. 3. The COM-A lava flows show distinetive characteristics that are common o lhc‘ .S|,
All these methods classify more than one of the four selected rocks as the same type. To | 'Wlcanic provinee in terms of whole-rock and mincral chemistry I'hey also have I'cu?un,s( \;lt
complicate the process further, in three classifications the duplicated names do not apply to jare present only in the COM-A lava flows. These distinetive features arc d)uc in part l()'l 1;
the same rocks. In the IUGS normative classification (Fig. 3c). all four rocks have the same ; fiferent rock types found at ¢ OM ““”‘.P‘”'Cd .“'“h the rest of the SRP. Common an
name even though the rock and mineral chemistry of each of these rocks are distinctly ;ontrasting characteristics are illustrated in the following \'UC“”":‘ ) —
different. To facilitate description and discussion of the chemical and mineralogical | The SiO, contents of 52 COM-A T“Cl\fsl’"” AW ERNEES: ~ 46 52 wt.% and ~ 53 ’ l:”t'l’"
characteristics of the 22 rocks in this study (Table 2), it is necessary to identify similar rocksas { lable 2 of Kuntz e al. (1985); sce also Fig. 4a J. The hiatus between ’|hc twe vRNEEY m(.llr a8 1'e
the same rock type. hreak between basalt trachybasalt and lrlslz?mlc trachyte. Si/K ratios also s how a
ompositional hiatus between the two groups. The basalts and trachybasalts have ratios in
jile range 17 21 whereas the tristanites and trachytes have ratios in the range 9 15. None of

CHEMISTRY

We distinguish the four rocks selected to represent the variation in rock types as basalt, the
most primitive rock, trachybasalt and tristanite, as intermediate rock types, and trachyte as

i
|
i
i
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TABLE 4

Modes (vol." ) of the Craters of the Moon, period A lavas, determined by electron microprobe

Sumiple Oliv Pin sp ip Op Glass Fap + Gls «l

BTI 12-R3 0-06 4043 583 435 36:50 7693 3633
BT2 939 202 49-72 506 679 27:02 76:74 3187
BT3 9-RR 723 4281 477 660 2870 71:51 3995
BDI 1361 006 6017 553 414 16-49 76:66 2795
BD2 10:25 668 4661 379 611 26:56 T3 3653
TMF1 10-4% 299 67-17 245 594 998 TS 2539
TMIE2 604 453 S5-06 2:87 591 2588 8094 2571
TMF3 7-55 1-22 49-52 1-79 676 RIBT R(O-68 28:07
TMF4 1518 X6 5374 668 716 14-08 6782 3745
NC1 9:30 003 5297 204 343 23 85-20 21-84
NC2 1283 057 65-14 374 446 1322 7841 2490
BC1 1207 055 62-48 357 458 16:75 23 2495
BC2 877 500 4939 406 703 2575 7514 3348
BC3 774 012 60-29 281 462 2442 84-71 20-23
Sel 57 040 6855 1-94 2:65 IR-R9 87-44 1549
Se2 178 224 8524 0-25 348 703 92:27 830
Seld 227 (45 7419 018 090 22:02 96:21 487
DO1 158 2:29 6555 077 255 2526 90-81 12:30
DO2 204 074 33 006 046 6538 96:71 9-53
Hyl 819 179 80-74 169 319 441 8515 15:54
Hy2 1-49 058 6991 011 1-21 2669 96-60 462
Hy? 410 1t 69-52 052 0-52 24-22 93-74 825

Oliv. olivine: Pyx. pyroxene: Fsp. feldspar; Ap. apatite: Op. opaques: Gls. glass; C1, Color index. caleulated after
normalizing to glass free

; 2 A : ¢
the 52 available analyses have SiO, contents or Si/K values between the ranges cited. In

contrast, SRP olivine basalts have SiO, contents between 46 and 49 wi.% and SR P rhyolites
have SiO, contents between 68 and 75 wi.% (Fig. 4a). The corresponding Si/K values are
40 88and 9 12. We use Kings Bowl basalt flows as a basis for comparing COM-A flows with
SRP olivine basalts because the Kings Bowl basalts have the chemical and mineralogical
characteristics of SRP olivine basalts, are roughly contemporaneous with the COM-A flows
(Kings Bowl erupted at 2222 + 100 B.P.: Kuntz e al., 1986h), and were erupted just south of
the COM lava field along the Great Rift volcanic rift zone (Fig. 2).

The increase in SiO, content in the COM-A lava flows is accompanied by a continuous
drop in wt.% P,0,, MgO, and TiO,, and an increase in K,O. Distinct breaks in the
abundances of these oxides occur at changes in rock type (Table 3). Figure 4b illustrates the
value of these oxides for all 17 analyzed rocks. Solid circles mark the four representative
rocks.

The Kings Bowl olivine basalts have SiO, contents comparable with those in the COM-A
basaltand trachybasalts but have consistently lower concentrations of P,0;and K ,0, lower
to equal contents of TiO,. and more than twice the concentration of MgO (Fig. 4b).

Thompson space representation of rock compositions

A summary of the chemical variations in COM-A lava flows and the differences between
SRP basalts and COM-A rocks can be illustrated on a Thompson space diagram
(Thompson, 19824, 19825). A Thompson space representation of a rock analysis is similar to
a CIPW normative representation but has attributes not possessed by the norm. The modal
amount of a mineral phase can be directly related to its Thompson space representation; the

e L SR ——
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16
r (Na,© - 2) < K,O
x 14
[}
{2 Qa2 f
bt X
5 + 10}
0 o
0 i
9 2
€ =z,
[+]
< s
080 J_bLO_ 40 20 0 037 4‘1 4.5 419 t’;&) 517‘12:;“6‘5 69“73 77
(O) Normative An (b) Wi% SiO,
o B Basalt
Tb Trachybasalt
Sh Shoshonite
Consiaents La Latite
Tr Trachyte
Qla Quartzlatite
1d Trachydacite
Ad Andesite
| O 1 )\ ;T:.an )a_LP
| S % %

e S

rvine & IGS QAPFK 1GS .
:;x:;:‘gxr 'I‘Aé Normative  Modal Wit.% SiO,
BT1 ALkt Basalt Trachybasalt Andesite Basalt 278!
BT2 Frachybasalt Trachybasalt Andcsite Basalt 5 0-4:9
Sel Frachybasalt Shoshonite Andesite Latite 5:1-;)1
Se2 Instanite Latte Andcsite Latite 5991

Fi6. 3. Rock names in (a) the Trvine & Baragar (1971) classification, (b) the ml.ul ullfuh\ vs Si0, (TA‘S),CI‘%“EL,::::
(Le Bas ¢r al.. 1986). (¢) the TUGS quartz, alkali feldspar. plagioclase classific lion with norr'ndllvlv.; w]rnr’_r:,d“c.
IQAPF Normative: Streckeisen. 1979). and the TUGS recommended modal classification. Q. quartz; P, plagioclase:
) A, alkali feldspar

" Thompson space representation can be tailored to the mineral assemblage an‘d to the mll'ngdl
compositions of a particular rock or rock suite, in this instance, plalglOle:se, onvmbLC.
pyroxene, and quartz or melt (glass): and the Thompson space representation can

{ graphically displayed and visualized. , ‘ e

{  Theessential fcature of Thompson space representations of rocks and minerals is that the

st
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Wt% SiO,

F1G. 4. (2) SiO, range and rock types in COM-A lava lows
; 5 T i ypes -A lava 's, Kings Bowl olivine basalts (KB-A). and Snake River
Plain olivine basalts (SRP). (b) P,O.. MgO.TiO,, and K ,0 variations with SiO, content in COM-A Lava flows. Bs
basalt: Tbs. trachybasalt: Trs, tristanite: Tre. trachyte.

amount qu potential or actual phase in a rock is represented by an additive component and
the compositions of the phases are represented by exchange components. Any conventional
end-member can be chosen as the additive component of a phase. For cxamr;lc, an additive
component for pyroxenes could be CaMgSi,0,. If the transformation of the rock analysis
produces I mole of CaMgSi, 0, in the set of Thompson components than the modal amount
of pyroxenc expected in the rock is | mole. A possible exchange component might be
FeMg_ . a formula that represents the Fe Mg exchange in minerals. IT the (ransformed
analysis of a pyroxene shows this component to be 0-5, then the composition of the pyroxene
\\.muld be Dig,. Rather than write out CaMgSi,0, and FeMg . symbols are used
}‘ xchange components are written in italics. The symbols and names of the components used
in this paper are listed in Table 5.

The amount of a component that is available for the transformation of one mineral
assemblage to another limits the extent of Thompson space available to a rock composition.
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TABLE S

Symbols for Thompson space components

Svmbol Name Formula Phase
Additwe component
Di Diopside CaMgSi, 0, Pyroxene
An Anorthite CuAl,S1,04 Feldspar
lo Forsterite Mg,Si10, Olivine
Sp Spinel MgpAl, O, Ie Ti Spinel
Q Quartz Si0, Quartz, melt
Exchange component
th Tschermaks Al,Mg Si |
pl Plagioclase NaSiCa Al
ed Edenite NuAISi
e MgCa
FeMg

i

Forexample. an initial assemblage containing plagioclase. represented by An, can transform
{ under changing conditions of 2 and 7 to an assemblage containing pyroxene and quartz:
An=Di+Q+1k. (1
The maximum extent to which this transformation can proceed is limited by the initial
amount of An. One unit of displacement in the positive dircction corresponds to the
rransformation of 1 mole of An, plagioclase, into 1 mole of Di. pyroxene, | mole of Q and |
mole of tk. The extent of such transformations can be treated as vectors and plotted on
orthogonal axes.

A convenient starting point for calculating the relevant Thompson space for an igneous
rock is to transform the rock analysis into two additive components. An and Di, plus the

necessary exchange components (Nicholls er al., 1991). Because the COM-A rocks contain
¢ modal olivine and all but two arc quartz-normative, the axes chosen to represent a
i Thompson space for these rocks should include transformations to mincral assemblages
containing these two minerals. Two convenient transformations are

{

Di+Q+thk—An=0 (2)

and

An+Fo-2Di-mc--tk=0. (3)

The corresponding Thompson space representation of the four COM-A rocks and the
youngest Kings Bowl basalt is shown in Fig. 5. There are scveral features of this diagram to
note:
| (1) The diagram is for crystalline assemblages consisting of olivine, plagioclase, pyroxene,
and quartz in some combination.

(2) Ulvéspinel magnetite solid solutions are not represented on the diagram. They could
be taken into account by making the space three-dimensional with a transformation such as
(4)

Sp-tk- Fo=0.

| Because the amount of a phase is represented by the additive component, the amount of
? Fe Ti oxide is represented by Sp. The composition of the oxidc is delefmnncd by the
} exchange components. A spinel with the composition of ulvospinel (Fe,TiO,) would be

. represented by
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LGS Thompson space diagram for the Craters of the Moon lava lows

and a Kings Bowl olivine basalt

MgALO, + MpTiAl , 42 FeMg

Exchange components do not alter the amount of the

its composition. The amount of Fe Ti spinel in these rocks is small (sec Table 4y

consequently. displacement along the third axis is also small and the effective
spaces will be little displaced from those shown in Fig. 5.

(3) The symbol [pl] in Fig. 5

phase, represented by MgAL,O,, only
Thompson

represents the constraing:
An=pl .

Unless the pyroxenes contain significant amounts of Na. the only phase in the assemblage
plagioclase. pyroxene, olivine. quartz. and spinel that can contain Na is plagioclase. The
pyroxenes in these rocks. besides being sparse, contain very little Na (see Table 7 below)
Consequently, in a solid assemblage. the [p/] line is

(4) The boundaries of the Thompson space are
orconstrained (me=0, tk =0, or An =pl) or where an additive component is zero (the y-axis
where Fo=0. the y-axis where Q=0 and the line Di=0). COM basalt, trachybasalts and
tristanites have a boundary where it is possible to have an assemblage without pyroxene (ic.
where Di=0). The trachytes and the Kings Bowl basalt cannot produce a
lack pyroxene if components that represent the
the Thompson space polygon.

The positions of the Thompson spaces on the
rock compositions.

(6

a limit on the reaction space.
lines where an exchange component is zero

cmblages that
observed phases in the rocks are used o form

axes. the lack of a Di =0 bound
and the extent of that boundary,
chemical mineralogical diflerences among these rocks. Spaces available to cach rock
composition overlap for the more SiO,-poor compositions. but the most felsic and SiO,-rich
rock has a distinet compositional space. The Thompson space diagram also suggests thal
there is a progressive change in composition from basalts in the SRP to COM-A lava flows
The implied genetic relationship between SRP and COM-A lava lows and among COM-A
lava flows. based on chemistry. may be further defined and constrained by the mineral
compositions. modal abundances. and petrographic features of the COM-A rocks.

ary in some
where present, all illustrate the

MODES
Olivine and plagioclase are the dominant and large

st mineral phases in basaltic rocks from
the SRP province (Stone. 1967: Leeman,

1974: Stout & Nicholls, 1977). Megacrysts and

s (5}

S
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: i > trachytes large crystals of p )
Y HEH achybasalts. Hower er, in the trachytes large cry
fthe COM-A basalt and trachybasalts. e arges . b
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ocks in the SRP volcanic province, the COM-A rocks carry few phenocry

i assy. The COM-A flows are
goundmass textures vary from nearly holocrystalline to glassy. The COM-A

. i “hard
) ; “ontain > 20% glass and one, a Devils Orchard
{ ypically more glassy than SRP flows; most contain > 20% glass a @

flow, contains 65% glass (DO2, Table 4). ‘ . . . s 8
(Th:‘high IO, and FeO contents are reflected in the high qu.ﬂ d'bunrld:wN([).( lnccmC
oxides in SR P basalts and in COM-A basalts and trachybasalts (Fig. 6, Table 4). Mag
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apatite crystals in glomerocrysts. o PP
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Irow-calcium pyroxene is rare to nonexistent in COM-A rocks. It is
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crystals in the groundmass of only six of the 22 rocks (BD2, TMF3, BC2, BC3, Sel, and
Hyl).

PETROGRAPHY

Compared with SRP olivine basalts, the COM-A rocks have several distinct petrographic
features, including the following:

(1) Glomerocrysts of large (up to I'5 mm), Fe-rich olivine (~ Fag, Fa,,), Fe-rich
pyroxene (~Fs,, Fssq), magnetite, and apatite occur in trachytes. Some olivine and
pyroxence crystals in the glomerocrysts have pronounced reaction rims but many do not (Fig.
7).

(2) The glomerocrysts are typically accompanied by smail, euhedral cubes of zircon in
embayments or attached to mineral edges (Fig. 7a and b),

(3) Tristanites and trachytes contain large (up to 2:5 mm) megacrysts of plagioclase and/or
alkali feldspar (Fig. 7c). Plagioclase megacrysts also occur in several trachybasalts but alkali
feldspar does not. Typically, feldspar megacrysts have corroded centres and reaction rims
ranging from ~ 5to ~ 25 ym width and. like the
by small zircon crystals (Fig. 7c).

(4) Abundant alkali feldspar (anorthoclase and sanidine) in the groundmass of tristanites
and trachytes has a high celsian component (up to 5-1 mol% in a Devils Orchard flow, DO2).

Inclusions of pumiceous rhyolite, ranging from microscopic to meter-size fragments, occur
atseveral cinder cones that are possible source vents for period A trachyte flows (Kuntz et al.,
1992). Microscopic pumice inclusions are common in some trachytes and meter-size pumice
inclusions have been recognized in these Mows. Geophysical evidence is consistent with the
suggestion that the inclusions represent Tertiary rhyolitic rocks that form the upper crust
through which the magmas rose to the surface (Embrec er ul., 1982; Mabey, 1982).

Microscopic pumice inclusions examined in this study (79K 25, 78K 157B. and 78K 159
from North Crater lows) consist almost entirely of feldspar. glass. and quartz. The feldsparis
dominantly alkali feldspar, but one inclusion, a volcanic breceia (78K 159). also carries
plagioclase phenocrysts as calcic as Ang,. Minor titanite occurs in some of these inclusions.

Two granulite xenoliths (78K 34 and 78K 158) have schistose to gneissic textures. One
(78K 34) in a Devils Orchard flow has the mineral assemblage of granulite-facies rocks:
orthopyroxene. clinopyroxenc. quartz, and plagioclase ( ~ An,, An,,). The other xenolith
(78K 158) is similar. but contains biotite and lacks clinopyroxene. Both xenoliths are altered.
Accessory minerals include zircon, baddelyite (in 78K 34) and opaque minerals. Attached to
78K34 is a fragment of a glassy vesicular lava flow having groundmass plagioclase laths
aligned in a trachytic texture. This glassy rock also includes a megacrystic and/or
glomerocrystic assemblage similar to a glomerocrystic assemblage in the Devils Orchard
trachyte (DO2): both assemblages contain pyroxene. Fe Tioxides, plagioclase with reaction
rims. and zircon. However. olivine is also part of the assemblage in the Devils Orchard
trachyte. but no megacrystic or glomerocrystic olivine is in the glassy rock attached to the
xenolith 78K 34,

Leeman et al (1976) reported xenoliths of crustal rocks in several other COM-A lava
flows. Although xenoliths of Precambrian gneiss have been found in SRP olivine basalt (see,
c.g.. Leeman et al.. 1985). these xenoliths are very rare outside the Craters of the Moon area
(Kuntz et al., 1992).

No textural differences related (o rock type were observed in the groundmass of COM-A
rocks. Typically. glass encloses groundmass olivine, opaque minerals, and randomly

glomerocrysts. arc commonly accompanied

S
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oriented plagioclase laths. Rare phenocrysts (> 500 jtm x 500 am) and microphenocrysts of
olivine, plagioclase, apatite, and opaque minerals also occur throughout the groundmass

Much of the crystalline groundmass is formed by very small crystals. 1 25 um in larges
dimension. The smallest groundmass crystal sizes are <1 gm (c.g., TMF3) and the largest
are ~ 100 pm (asin BT1). Only one sample, Hy 1, has a continuous range of crystal sizes from
large groundmass to microphenocrysts (o phenocrysts. The rest of the samples consist of
cither groundmass and microphenocrysts or groundmass and phenocrysts and/or mega-
crysts. Much of the glass in these rocks includes large numbers of microlites (c.g., TMF4and
Hy3). The glass ranges (rom black (BT1) to pale brown (DO?2).

Four trachybasalts carry very fine-grained autoliths that contain glass darker than that ol
the groundmass of the host rocks. The compositions of minerals in the autoliths approximate
those of the same minerals in the host groundmass in three of the trachybasalts (TMFI.
TME2, and BC2) but notin the fourth (BD2). In the last autolith, olivine is more Fe rich than
phenocrysts in the host rock but is less Fe rich than groundmass olivine. Pyroxenc is more Fe
rich than the groundmass pyroxenc. and both pyroxene and feldspar are less calcium-rich
than the same minerals in the host rock.

Glass globules, rodlike laths, and other minute crystal inclusions are common in
groundmass olivine and plagioclase. In addition. clusters of very small crystals grown
together form raft structures. These clusters are of olivine or plagioclase or are a combination
of olivine and plagioclase. In several samples, the small clusters are formed by opaques.
apatite, and glass (NC1, BC3, and Sel). Pronounced trachytic texture and flow structures
caused by the alignment of plagioclase laths and flow-elongated, aligned vesicles are
conspicuous in several rocks (e.g., TMF2, Sel, and Se3)and faint in several others (e.g..BD2.
BC2, and Se2).

Fe Ti oxides are ubiquitous throughout these rocks as glomerocrysts, megacrysls.
phenocrysts, and microphenocrysts, but are mainly in the groundmass. Locally smal
inclusions of magnetite occur in crystals of olivine, pyroxene, and/or plagioclase and are
common as large, individual crystals in glomerocryst assemblages (Fig. 7b and d). In several
rocks (DO2. Hy2. and Hy3) the oxides are predominantly subhedral as inclusions but
cuhedral otherwise. In the Serrate flows (Se2 and Se3), both subhedral and cuhedral crystals
occur as inclusions and as individual crystals.

MINERALOGY
Olivine

The iron-rich nature of COM-A rocks is reflected in their olivine compositions (Table 6)
Olivine occurs in all the flows and ranges in size from microlites (1- 2 um) to phenocrysts
>1 mm. The compositions of olivine extend from Fa,, to Fag, for all 22 rocks (Fig. 8).

Olivine in the basalt (BT1) has an average groundmass composition of ~ Fa,, and
microphenocryst core compositions of ~ Fa,,. The groundmass also contains several olivine
crystals that are different f[rom the average, reaching compositions as iron rich as Fa,, and as
magnesian as the microphenocryst cores (Fig. 8). These olivines are much more iron rich
than typical olivines in SRP basalts, which range as low as Fa, in phenocrysts and rarely
exceed Fag, in the groundmass (Stout & Nicholls, 1977). In COM-A rocks, mos!
microphenocryst rim compositions overlap the coexisting groundmass compositions, but in
SRP basalts many phenocryst and microphenocryst rim compositions do not. In marked
contrast to olivines in COM-A basalt, the most magnesian olivine phenocrysts in the SRP
basalts. including those from Kings Bowl, carry inclusions of Mg Al-rich, brown spinel. No
brown spinel-bearing olivine has been found in any COM-A rocks.
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I TaBLE 6

Electron microprobe analyses of olivine

BT Basalt

AMph Mph m AMph v G ar Gm i Gm lo
S0, 15:57 353K 3512 3462 33-52 IS0 1
FeO 19-49 59 4054 4257 5055 396K
MnO 063 067 069 (74 098 0-68
MgO 2413 2376 291 2128 1384 2442
(0 031 036 048 042 0-64 0:32

Total 100-33 9976 9974 99-63 99-53 100-21

BT2 Trachybasalt

¢ Mph Mph m Mph r Gm ar Gm hi Gm lo Gml
50, 1450 173 31193 11-R9 1301 31365 279
0 4204 4273 4403 4292 4582 4108 4874
MnO 084 (-8 0-90 091 1:04 088 VA7
MO 22:28 2528 2002 20082 1869 22:10 1590
a0 03] 0-27 0-34 (44 0-31 089 0-35

Total 10003 9886 99:22 98-9% OX-K7 98-57 9895

Sel Tristanite

Ph ¢ Phm Phr Gm ar Gml
50, 1344 1344 3331 3334 3331
10 4983 4991 49-99 5041 52:59
WO 105 108 109 1412 129
g0 1579 1588 15:66 1505 12:47
a0 047 0-44 0-47 047 053

Total 100 58

100:75 100-52 10039 10059

Se2 Trachyte

Gl Glm om Glm r Mph ¢ Mph m Mph r Gm ar Gm hi Gm lo

50, W68 1107 3098 60 3127 31-56 3125 31-44 31-54

1 FeO) 6354 6361 6214 6033 59:98 600K 60-72 6159 60-17
i\lll() 173 16K 168 160 167 1-69 1-78 167 |'7(.:
130 445 455 520 707 704 704 614 §23 652
J ) 066 (061 0-70 054 0-66 0-59 0-68 064 0:66
§ Total 101-06 101-52 100:70 101-14 10062 100-96 100-57 100:57 10065

i

{ Mph,microphenocryst, ¢, core; m, middle: r, rim: Gm, groundmiss, av, average, h, highest FeO:lo, Jowest FeO;
ml, groundmass outside of average: Ph, phenocryst: Glm, glomerocryst.

Four Trench Mortar Flat trachybasalts carry the most magnesian olivine in l!lwc' 22
COM-A rocks studied (Fig. 8). Only one trachybasalt (BD2) has phcnocrysl-‘sizcd (jllvme.
it these phenocrysts are not as magnesian as microphenocryst-sized olivine in th I'rench
[Mortar Flat flows. The phenocrysts are ~ Fag,, but three of the Trench Mortar Flat ﬂows

qve olivine markedly less Fe rich (Fa,,). The groundmass olivine compositional range in all
e trachybasalts is Fay, ,,. Typically. the groundmass composition ovgrlups those of ll.lc
rims and often the cores of the larger phases, but some moderate-sized mlcr()plienocrxsls in
' COM-A trachybasalts have compositions different from the groundmass (e.g., BC2; Fig. 8).
Olivine compositions in tristanites span the range between the trachybasalts and
mchytes, One Serrate tristanite (Sel) has olivine compositions that vary from Fag,
‘,‘phcn'ocrysl )to Fa, 4 (groundmass). The groundmass olivine composition is similar to that of
{ e most Fe-rich groundmass olivine in trachybasalts (~ Fag, 4,) and also to that of the
ﬁmegz\cryst and microphenocrysts (Fa,, o) in another tristanite (Hyl). The groundmass
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composition in Hyl, however, extends to Fag, and overlaps the most magnesian olivine in
thg lraghyles (Se2). The range of only ~ 5 mol% in olivine compositions in Sel and in the
tristanite DOI (Fa,5 ,4) is more limited than that in the basalt and trachybasalts, but is
comparable with that in most of the trachytes.

Compositions of all four sizes of olivine crystals—groundmass, microphenocrysts.
phgnocrysls, and glomerocrysts —in 4 of the § trachytes fall within a small range, ~ Fay.6;
(Fig. 8, Table 6). In three trachytes (Se3, DO2. and Hy?2), the compositions of all sizes in each
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afthe three rocks are almost identical. An example is a trachyte (DO2) in which all four sizes
are in the limited range of Fagq.y gy 5 mol%.

As expected in fayalitic olivine, high FeO contents are concomitant with high MnO
ontents. The MnO content of olivine from the COM-A basalt and trachybasalts ranges
fom 0:45 wi.% (NC1)to 1127 wi.% (BT3) and [rom ~ 1 wt.% (Scl and Hyl) to ~ '8 wt.%
\15e2, Hy2, and Hy3) in the more fayalitic olivines in tristanites and trachytes. The MnO
i content of groundmass olivine generally overlaps the rim contents of larger phases except in
instanites and trachytes. In these rocks, the MnO content of the glomerocryst and megacryst
olivine generally overlaps that of the microphenocrysts, but is ~0-5 wt.% less than that in
goundmass olivine.

Cr,0; is below detection (0:07 wt.%) in olivines from all COM-A rocks but one. Cr,0,
reaches detection limit in & megacryst in a tristanite flow (Hyl). This olivine is the most
)"nngncsiam (Fa,,) megacryst in the tristanites and trachytes.

§ Pyroxene

| .

{ Pyroxene compositions, like olivine compositions, reflect the Fe-rich nature of COM-A
“ rocks. Like pyroxenes in SRP basalts, pyroxenes in the COM-A rocks are dominantly high-
{ aalcium augite. However, low-calcium pyroxenes occur in some COM-A rocks (Table 7).

Tasre 7
Electron microprobe analyses of pyroxene, including coexisting pyroxene in TMEF3 (BT has no
analyzed pyroxene)

TMER TMF3 BT2 Sel Se2 Se2 Se2
! Gm Gm Gm Gm Glm ¢ Glm m Glm r
50, 4266 4027 4385 4241 4882 4905 4883
1o, 500 060 625 047 071 067 068
11,0, 424 184 4Rl 1-87 1-94 1177
) 2908 3553 4378 2325 2347 2290
1 MnO 055 065 095 062 0-59 052
] MeO 977 1622 545 657 657 659
L) 8RR 224 096 17:01 16:53 1692
! Na,0 037 104 0-60 036 0-3% 039
{ Total 100 55 10039 9943 9921 99-20 9869

g Classification deternimed with computer program PX (Cebria Gomez, 1990). Gm, groundmass; Glm,
{ domerocryst: ¢, core: m. nmddle: r, rim
i

" Although few of the COM-A rocks have microscopically identifiable pyroxene in the
i roundmass. pyroxene was identified by automated electron-microprobe modal analyses in
| the groundmass of all 22 samples. The extremely small crystal size of most pyroxene in these

! rocks commonly prohibits accurate analysis by electron microprobe. Acceptable analyses of

{ pyroxene were obtained in 18 of the 22 rock samples (Fig. 9). Additional identified
| submicroscopic crystals were all high-calcium pyroxene (estimated to contain > ~ 15 wi.%

., CaO from 1-s counts).

Groundmass pyroxene in the COM-A basalt (BT1) has ~17 wt.% CaO and ~19 wt.%

; FeO, estimated from I-s counts. These estimated amounts of CaO and FeO are similar to
. typical augite compositions in period A Kings Bowl basalts and in SRP basalts generally:

y ~ 19 wi% CaO and ~ 16 wt.% FeO (Leeman, 1974; Stout & Nicholls, 1977).

Trachybasalts have augite only in the groundmass; the average composition is ~ 16 wt.%
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Fia. 9 Compositions of pyroxenes in COM-A rocks, in mole® Fn. Fs, Wo

:\"c().l l.hlrcc of 13 lr:}ch_\'husnlls h;f\/c low-calcium pyroxene in the groundmass. In a Trench
: «(\;l.[u lat l‘lnw (TME2X), enstatite coexists with augite; in Big Crater flows pigeonite has
" N L . [ ) I
w;l - rumI 310 5 wi.% and FeO from ~ 32 (0 35 wt.% (BC2), and ferrosilite has CaO ~1

% 3 o - o/ % a iy . C
“(.‘u:] i:]m P:'?M|~:4TWL'|/"7'BC3)V Coexisting high- and low-calcium pyroxene in the
4 dmuass “30 Table 7) is unusual in basaltic rocks of > lcani i

TR su s s of the SRP volcanic ce
(Stout & Nicholls, 1977). M

[.-‘()n; lr;lch_\‘h_:lsall (BD2) h%lS IQw-calcium (~6 wt.%) pyroxenc in a fine-grained autolith
(‘ g. )’. Thc FeO content of this pigeonite is ~29 wt.%. The host rock has augite of two
compositions: one is like the average SRP augite (FeO
Lhc (I)lhclr pyro.u:ne contains an amount of FeO similar to the autolith pigeonite (~27 wt.%
‘ul has 41|.ghc| CaO (~ l_-?Wl.“u). The olivine and feldspar in the autolith are also differentin
composition from those in the host rock.

[ I:lgh u.nd low-calcium pyroxenes, including augite, pigeonite. and ferrosilite, occur in the
rlf ‘ln‘;lcs. All ll?csc pyroxenes have high FeO contents which range from Fs,q 4, in
Fr»mf" Imass augite and Fj's“ 54 in microphenocryst augite from the Devils Orchard
Fl‘”IS(‘l'nllt (D(()jl) lhr?ugh Fss in groundmass pigeonite in the Highway tristanite (Hyl) to

Sgo IN groundmass ferrosilite in the Serrate tristanite (S i F
. gro s i Sel). the highest FeO of an D
in the 22 COM-A rocks (Fig. 9) : ey
_ Although Al"n' ('()M-A low-silica rocks generally have groundmass pyroxene similar in
iron composition to lhg( in most SRP basalts, both tristanites and trachytes carry pyroxenes
as glomerocrysts and in the groundmass that y rot
2";3,(0 r-nngcs bclw‘ccq 21 and 30 wt.% FeO; ~28 wt. % ( ~ Fs4,)is the most common value
rlomerocryst augite in these rocks ranges from 23 to 31 wt.% FeO; again, 28 wt.% is the
mosllc‘omymn valu_c. The Ca-rich pyroxenes are all classificd as augite according to the IMA
classification (Morimoto, 1989).
| IIQ: ;n pyroxene spans a broad range, from 0-4 (o nearly S wt.% in COM-A rocks just asit

nes -, BLY: alg 1Y ¢ v A T <
oes in SRP basalts. Al,O, also spans a broad range (from 0-6 to 4 wt.%). Both TiQ, and

are more Fe rich. In trachytes, groundmass

~ 16 wt.% and CaO ~ 19 wt.%), and

FAVAFTOWS OF CRATFRS OF THEF MOON LAVA FIFLD.IDAHO 1701
AL O, show no discernible pattern with respect to zoning or abundance in pyroxenc type
(r,0, and Zn0O) are below detection (007 and 0-24 wt.% ) in all analyzed pyroxenes but onc;
17 wt.% Cr, O occurs in the glomerocryst pyroxenes in trachyte DO2.

Pyroxene occurs as porphyroblasts and in the matrix of the two metamorphic xenoliths
18K 34 and 78K 158). Augite and enstatite porphyroblasts coexist with ferrosilite in the
matrix of one xenolith (78K 34). The other xenolith has only enstatite in both size ranges (Fig.

10).

i Hd
& l:i‘c\v’xlv:'vmbmm .
VA Xe78K158
/ Xe78K34
S AV4 _V maT eIt
En O 20 40 60 80 100 Fs
i 10 Compositions of pyroxenes in xenoliths from COM-A rocks

Feldspar

Plagioclase is the dominant groundmass phase in all the flows and ranges in size from
microlites (~ 1 2 ygm) to megacrysts > | mm across. Feldspars in the COM-A rocks cover a
compositional range that includes plagioclase (oligoclase to labradorite), anorthoclase, and
samidine (Fig. 11). Feldspars in COM-A rocks are consistently more alkali rich than are
leldspars in SR basalts. where most compositions [all in the labradorite ficld. Plagioclasc in
Kings Bowl flows, for example. ranges from a groundmass composition of Ang, to
phenocrysts as calcic as An,,. Groundmass [eldspar in one Kings Bowl rock, however,
averages An 5 with > 6 mol% Or (Stout & Nicholls, 1977). Electron-microprobe analyses of
feldspar in four representative rocks are given in Table 8 and the compositions of all analyzed
feldspars are illustrated in Fig. 11.

Groundmass and microphenocryst plagioclase in the COM-A basalt (BT1) has a limited
compositional range, Ang, 4s.and Or contents of ~4 mol%. A patchy zoned micropheno-

cryst is slightly more calcic, having a core composition of ~ An,, and a rim composition of
| ~Ang. . »

i Plagioclase in the trachybasalts also has a limited range in composition. Groundmass
! plagioclase compositions generally overlap rim compositions of larger crystals when they are
g present (Fig. 11). Only | of 13 trachybasalts carries plagioclase phenocrysts. That sample
{ (BD1) has two distinct phenocryst compositions, one which is overlapped by groundmass
. compositions (An,, o) and another that is more calcic core to rim (Ang, 45). This

*trachybasalt is also one of only three trachybasalts that have anorthoclase (~

. An,sAb,,Or, ,Cel . to ~ An,,Ab,,Or,,Cel_,)in the groundmass. All three anorthoclase-
bearing rocks have coexisting plagioclase (~An,,) in the groundmass. Two Trench Mortar
" Flat trachybasalts have megacrysts (1 -2 mm in length) of andesine composition (~Ang,).
. The megacrysts are corroded and have very narrow or no reaction rims. One of these
irachybasalts (TMF1) also has a second mcgacryst having a uniform core to rim
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and microphenocrysts ( ~ An,-Ab
(~An,Ab,,Or, 2Cely)in Hy3. Anorthoclase in trachytes
(1 2 mol®) fn most of the groundmass but up to 3 5 mol% in the groundmass of some
samples, as in DO?2 (Cely , 5.,) and Se3 (Cel . 3-s). Three of the five lrzlc(h.v~les‘ L‘an"
mcgucrys@ of andesine. The megacrysts range from ~ An 30 10 Anyg, have c0|‘rod-ed~‘el t :
fmd reaction rims. and. in one of the trachytes (Se2). cryst i o
intergrown with the megacryst rims. Megacrysts of !

trachytes. one of which (Se3) also carries an

540r;Cely) in DO2 1o sanidine microphenocrysts

also has a high celsian component

. anorthoclase also occur in three
andesine megacryst. The cores of v
megacrysts range from ~ Any Ab,,Or, sCel, (Se3) to ~ /%‘lllc,:v/:;wlgcrw(r: O(fl;?)o’nr'(imh;se
zircon m(crlgrown in the reaction rim). These megacrysts show bddz;onill) L:': 1 g‘llc‘
middle or rim composition is higher in An and lower in Or th : Noneol des
compositions match the compositions of other
Leeman ¢t al. (1976) observed ‘resorbed’
Xenoliths in some COM-A
microphenocrysts. and in (he

anorthoclase feldspars present in the rocks
anorthoclase in several COM-A rocks.

carry avariety of feldspars as phenocrysts,
groundmass (Fig. 12). One pumiccous xenolith (7‘-)1&25}

flows

Rhyolites

® Groundmass

O Microphenocryst

0O Phenocryst

Xe78K1 59
Pumiceous rhyolite
xenolith

A (S iv3
. 0 20 40 60 80 100 ¢} 20 40 60 80 100
Or
$ An & An
Granulites
® Malrix

O Porphyrobliast

Granulite
xenoliths

Xe79K158

Xe78K1578
Pumiceous rhyolite
xenolith

Qo o v
20 40 60 80 100 0 20 40 60 80 100
Ab Or
Fi6. 12 Composttions of feldspars in xenoliths from COM-A rocks. Mole % Ab ~ 100 (An+ Or 4 Cel)

als of zircon are adjacent to or |

an the cores. None of these !
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antains sanidine. anorthoclase, and andesine phenocrysts. The andesine phenocryst has an
morthoclase rim and onc anorthoclase microphenocryst has a sanidine rim (Cely), which is
smilar to the composition of the groundmass feldspar. Two other pumiccous rhyolite
enoliths contain labradorite, one (78K 159-1) as phenocrysts and the other (78K 159-2) as
wexisting microphenocrysts of labradorite and sanidine, which have celsian rim composi-
onsof 3 4 mol®%. The fourth pumiccous rhyolite xenolith (78K 157B) ha: anorthoclase and
snidine microphenocrysts (Cel _,) in an andesine groundmass, ~ Ang,.

The granulite xenoliths (78K 34 and 78K 158) have oligoclase as porphyroblasts and in the
matrix. Coexisting sanidine occurs in the matrix of 78K 158. The host lava flow of one
wenolith (78K 34) has anorthoclase as both phenocrysts and groundmass.

Fe Tioxides

AL COM-A flows contain Fe Ti oxides: magnetite is abundant. ilmenite is scarce. I.ike
pyroxene, some small crystals of ilmenite were identified by microprobe modal analysis but
g-:nuld not be focated or successfully analyzed. Representative electron microprobe analyses
ylilmenite hematite and magnetite ulvospinel solid solutions are given in Tables 9 and 10.
Al e Ti oxide analyses obtained are illustrated in Fig. 13,

9
Llectron microprobe analyses of ilmenite and magnetite, including BD1
(no ilmenite found in Sel)

Tani

Hmenite
= Muagnetite
Bl BI2 BDI §e2 B1'1 Busalt
(m Megua Gm Mega Gm oar
i Si0), 010 < 003 050 <003 010
i 1o, 4822 4891 4770 4957 2487
{ ALO, 020 017 0-29 015 207
i e, 0, 818 %70 804 482 1906
‘ 1eO 40-40 803 40-9% 4194 5094
. MnO 0-70 (59 0-70 076 063
i MgQ) 111 298 065 102 181
{ CaO 031 003 0-50 0-04 015
g lotal 99:22 99-41 99-36 9830 99:63
i Mole”,, end-member
4 Hi1 834 R-40 9-34 485

Gm, groundmass: Mega. megacryst; all ilmenite crystals coexist with magnetite.
FeO and Fe, O caleulated from stoichiometry; Gm av, average groundniss

' Hmenite was identified in the groundmass of the basalt and 9 of the 13 trachybasalts, but
not in the groundmasses of the tristanites or trachytes. Ilmenite does not occur as
¢ lomerocerysts. phenocrysts. or microphenocrysts in any of the COM-A rocks. Megacrysts of
{ toexisting ilmenite and magnetite occur in two rocks, a trachybasalt (BT2) and a trachyte
" 15e2). In contrast, both ilmenite and coexisting magnetite are common in the groundmass
tand as microphenocrysts in SRP rocks (Stout & Nicholls, 1977).
The hematite component in ilmenite in COM-A rocks ranges from 2 to 9 mol%; the most
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respectively. The ilmenite in Kings Bowl

1ss ilmenite have approximately the same
5 7 mol% hematite; Stout & Nicholls, 1977) within the range

f
/o hematite,

),

the value of ~ 7 mol% hematite is most common, as 1t 1s
nites in the COM-A rocks has a very limited range, varying only

Ti oxides (ilmenite and magnetite) in COM-A rocks. Hlustrated by the number of
Megacryst and groundm

cations of major and minor oxides per formula unit.

2 8and 3-9mol

asalts has a smaller range (
MnQ in the analyzed ilme

ommon value is 7mol?

Fig. 13. Compositions of Fe

| shown by SRP rocks. ~5 11 mol%:;

{ ange in composition.
i nthe COM-A rocks.
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from ~0:6 (0 ~0-8 wt.%,. MgO. however, shows some variation (from <1 to 3 wt.%) but
there is no correlation with rock type or crystal size. These minor oxides cover ranges similar
Lo those in SRP basalts. Ternary diagrams illustrating the cations of minor oxides are shown
in Fig. 13.

Magnetite in the groundmass of the basalt is ~ Usp,,. This is within the range of many
SRP basalts (Uspg, +4). including the Kings Bowl basalts (Stout & Nicholls, 1977).

Magnetites in COM-A trachybasalts encompass the TiO, range found in magnetites in ¢

most SRP basalts. but also include amounts both larger and smaller (~
with the exception of one trachybasalt (BT3). In this rock,
same TiO, range as in the other trachybasalts, but
significantly lower, ranging from Usp,, to Uspg,,.

Magnetite in two (ristanites (Sel
microphenocrysts and as moderately abundant small crystals in the groundmass. The
composition in both crystal sizes ranges from Usp,, (o Usps, in Sel and from Uspey to
Uspqa in Hyl. This small range includes a magnetite megacryst which coexists with an
apatite megacryst. in addition to the microphenocryst and groundmass phases in Hyl. In
contrast, magnetite in the tristanite DOI. which occurs only in the groundmass, has the
lowest TiO, content of the (hree tristanites, ~ Usps,.

Most trachytes have groundmass magnetite compositions at or below Usp,. dropping as
low as Usp,, in onc Highway flow (Hy3), Magnetite found in glomerocrysts, and as
inclusions in megacrysts in the trachytes are Uspgy.73. One trachyte (DO2), has two distinct
magnetite compositions in the same glomerocryst: a magnetite inclusion in
in the glomerocryst has a core composition of Usp, ,. which is approximately the same as the
composition of a magnelite phenocryst in the host rock, whereas magneltite in a pyroxene
crystal in the same glomerocryst is Uspg ;-

The basalt (BT 1), four trachybasalts (BDI, TMF].
(DO2) have only groundmass Fe Ti oxides,
magnetite glomerocrysts and, or

Uspgg Lo ~ Uspy|
the microphenocrysts are in the
magnetite in the groundmass is

an olivine crystal

TMF2,and TMF4), and one trachyte
~ 1 25 jm. The other 16 COM-A rocks have
megacrysts, phenocrysts, andjor microphenocrysts in
addition to small crystals in the yroundmass. These significant size differences among the
Fe Tioxides are accompanied by differences in magnetite composition in all rocks buf the
trachytes. Higher amounts of both AL O (up to 36 Wt.%) and MgO (up to 2:8 wt.%
generally occur in larger crystals (Fig. 13). However, when only groundmass magnetite is
present in the rock. both Al O, and MgO are distinctly higher than they are in groundmass
magnetite which coexists with larger crystals.

Although magnetite glomerocrysts and megacrysts have a similar range of TiO, contents
(22 28 wt.%) throughout the COM-A rocks. they generally have low MgO contents in the
trachytes, averaging only ~0-5 wt.%. This is approximately equal to the MgO contents of
other magnetite in the trachytes, but megacrysts in the tristanite and groundmass magneltite
in the basalt and trachybasalts have three times that amount. Rare megacrystic and
glomerocrystic magnetites in the basalt and trachybasalts consistently have >2% MgO
AL, O, contents of magnetite glomerocrysts and megacrysts generally show a similar, but Jess
extreme. difference with rock type compared with MgO.

An obvious difference between SR P basalts and COM-A rocks is that a coexisting Cr-rich
(~5wt.% Cr,0,) groundmass magnetite typically occurs in the SRP basal(s but not in the
COM-A rocks. In COM-A rocks, Cr,0, is generally below detection limit (0-08 wt.%)
Additional differences between spinels in the COM-A rocks and spinels in the SRP basalis
are occurrences of Mg Al hrown spinel and Cr-rich spinel (> [0 wt.% Cr,0,) as inclusions
in some olivine crystals in period A Kings Bowl and other SRP basalts, but not in COM-A
rocks (Leeman, 1974; Stout & Nicholls, 1977).

and Hyl) occurs as rare, subhedral to euhedral *
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Glass

Glass is present in all COM-A rocks and ranges from ~ 4%, by .volumc (Hyl) to ~65% by
wlume (DO2) (Table 4). Ihe range of silica content in the glass is S6 (~.2 wi.% in the basalt
BTI) and 56 71 wi."w in trachybasalts. The range in silica content in the lruchybasanl/ls
acompasses the SiO, ranges in glasses from both tristanites and lr;lc.hyl.cs. ~63 68 WL./u.
}' Wlanalyzed oxides show some variation within a rock., pcrlmps.rcﬂcclmg lsolz%lcd patches of
dass having different compositions. However, analysis of glass in lhgsg I'OCI.(S.IS pr()hlc_m.um
&causc much of the glass is very dark and includes many microlites; it isa dlS[lllClADOS:ﬂlhlllly
hat some of the measured variation in glass composition is due to contamination by
ncluded microlites.

Accessory phases

Apatite is ubiguitous in the groundmass of SR P basalts ;md in the groundmass of('()M-./\
nocks. In COM-A rocks. however, apatite also oceurs as microphenocrysts or phcqocrysls. in
the basalt and in most trachybasalts. Apatite is also found as megacrysts associaled with
magnetite (NC 1 and Hyl) and in glomerocrysts associated with olivine + pyroxene and
!magnclilc in trachytes. o ' A A

Zircon (10 50 ym) occurs in tristanites and trachytes where it is :l.ssng;llcd with c.llhcr
eldspar megacrysts or with glomerocrysts of olivine 4 pyroxene, magnetite, and apatite.

SUMMARY OF CLASSIFICATIONS

The data presented in this paper suggest that the Craters f)f the Moon period A rl.ﬁt.'kﬁ
epresent magmas related to SRP basalts and to cach other. The data from roc.k.chcmlslry
“iFigs. 3 and 4). modal abundances (Fig. 6 and Table 4), and mincral compositions (Figs.
Y 13) suggest that there are four rock tvpes represented in the COM-A Tava flows:

(1) Basalts have an estimated color mdex - 30, Sic ), contents = 48 wi.%, P,04 contents
>2wl. %, TiO, contents >3 wi."y, modal feldspar plus glass < 802, 1-a cnnlcn_ls of olivine
jmicrophenocrysts < 50%. and feldspar compositions in the andesine labradorite rang'cv .

(2) Trachybasalts have estimated color indices > 20 and may overlap the range l'o:/hm.fflls‘
}SnO, contents in the range 49 52 wi.%, P,O. contents between 1-5 and 2 wt.%. —.Il.()l
|contents between 2 and 3 wi.® o. modal feldspar plus glass <85%. Fa contents of olivine
microphenocrysts < 60%a, and feldspar compositions l_vplc'ully in the :\III(ICSIHC anorthoclase
ange, but with minor extensions into the lower labradorite range (Fig. 11). A A

(3) Tristanites have estimated color indices between 10 and 20, SiO, contents in the r.|r:’gc
4 57 wt.%. P,O. contents between | and 0-5 wt.%. TiO, contents hclwccp 1 and 2 wt.%,
¢ modal fcldsp:n: plus glass between 80 and 90%., FFu contents of nlmpc mwr'ophcnocry.x!s
{tetween 60 and B0"a. and feldspar compositions in the andesine, oligoclase, and

morthoclase ranges. (
H N 1 3 ) N/ > .
(4) Trachytes have estimated color indices < 10, SiO, contents > 60 wi.%, P,0; contents
( T ) o ~ - 9
<03 wi.%. TiO, contents < 10 wi.%. modal feldspar plus glass >90%, Fa LOﬂl;lll:\ of
ivine. i y : eldspar ¢ S i e lo andesine,
Lolivine microphenocrysts > 80%. and feldspar compositions in the lower an
morthoclase, and/or sanidine ranges.

DISCUSSION
Relationships between the COM-A and SRP magmas

i Petrographical, mincralogical, and chemical data constrain interpretations concerning
{ he origin of the COM-A magmas and their relationship to magmas like those that supplied
]
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the SRP basalt flows. Features suggesting a genetic link between the two kinds of magmasare
as follows:

(1) distinctive chemical features common to both the COM-A flows and the SR P basalts—
relatively low SiO, and high total alkali and iron contents;

(2) a phenocryst assemblage dominated by plagioclase and olivine and a paucity of
clinopyroxenc;

(3) Thompson space configurations (Fig. 5) suggesting a progressive chemical change from |
SRP basalts to COM-A trachytes.

LAVA FLOWS OF CRATERS OF THE MOON LAVA FIELD,IDAHO 1711

1.0 [ =

BT1 Saturation
) Curves, Dry

Olivine

Dashed where
metastable

Some mineralogical differences between the COM-A rocks and the rocks of the SRP can

be attributed to different differentiation stages or to different P T paths of crystallization § 0.2

For example, the SRP basalts contain magnesian olivine with Mg Al spinel inclusions and.

commonly, coexisting ilmenite and Cr-rich magnetite whereas the COM-A rocks contain Fe- |
|

rich olivine, lack the Cr-rich and Mg Al spinels, and contain little ilmenite.

Location of the vents for the COM-A and SRP rocks seems to correlate more strongly with
the mineralogical and textural diversity than does age. Both the COM-A and Kings Bowl
lava flows erupted ~ 2000 -2500 yr B.P. but the Kings Bowl lava field is located near the

Plagioclase

YR O (e W TR O e e
1050 1100 1150 1200 1250

T(°C)
F6. 14, Saturation curves for COM-A basalt, BT1, calculated from data of Ghiorso ef al. (1983). ('linupymxcnu‘ls
tieYiguid 3 ~ 06 GPa whereas plagioclase is the liquidus phase at lower pressures.

1000

the liquiclus phise il pressures greater thas

centre of the SRP not along its edge as is the COM lava field. The differences between the

! Dlivine can be the liquidus phase only if the plagioclase o clinopyroxene saturation lemperatures are depressed by
{

other constituents such as H,O and F.

magmas that formed the rocks at the two locations may be due to different compositions of *

the source rocks, different differentiation processes. or the COM-A magmas rcaching later
stages of the differentiation processes.

The existence of large crystals of pyroxene in glomerocrysts along with large crystals of
olivine, apatite, and magnetite in the COM-A trachytes is very diflerent from the occurrence
of pyroxene in SRP basalts. Although ‘starburst’ glomerocrysts consisting of smaller crystals
of olivine and pyroxene with plagioclase are fairly common in SR P basaltic rocks, large early
crystals of pyroxene are rare to nonexistent. The role clinopyroxene might play in any
differentiation process. however, could be complex. Clinopyroxene would be the liquidus

phase in a dry melt with the composition of BT at pressures above -~ 06 GPa (Fig. 14). §

whereas pressures > 0-8 GPa are required for clinopyroxene to be the liquidus phase in SRP
basalts. It is possible that the large clinopyroxene phenocrysts in the COM-A rocks are the
products of crystallization at intermediate crustal levels and that the habits and settings of
clinopyroxene in rocks derived from the two kinds of magmas are the product of different
differentiation stages rather than separate source rocks.

Other mineralogical differences are not easily reconciled with internal differentiation
processes, and may indicate the possible influence of external processes such as crustal
contamination. These include zircon inclusions in feldspar megacrysts and as part of the
glomerocryst assemblages in the COM-A rocks; the presence of alkali feldspar megacrysts:
and contrasting compositions of magnetite inclusions in olivine and pyroxenc from one
glomerocryst. Small square prisms and dipyramids of zircon accompany both feldspar
megacrysts and glomerocrysts of olivine, pyroxene, magnetite, and apatite in the COM-A
rocks. Coexisting alkali feldspar and zircon are found in pumice xenoliths in COM-A rocks.
and the source rocks for the xenoliths may be the source of similar mineral pairs in the lava
flows. Zircon occurs in embayments within large crystals of olivine in the glomerocrysts, is
partly included by olivine (Fig. 7a), and shows no evidence of being resorbed. Olivine,
however. does not occur in any of the xenoliths. Similarly. olivine does not occur in any of 31
COM «xenoliths studied by Matty (1984). Interpretations consistent with the textural
occurrences of zircon are: contamination by the feldspar + zircon-bearing xenoliths found in
these rocks. or primary crystallization from the melts, or both.

Crustal xenoliths may not be a source for the large crystals of pyroxene in COM-A rocks
because some xenoliths contain only orthopyroxenc whereas others contain both

arthopyroxene and clinopyroxene but only clinopyroxene is found in‘ the glomcmcry‘)sls in
e COM-A trachytes. Matty (1984) reported minor amounts of clinopyroxenc (0'-_ and
11%) without cocxisting orthopyroxene in 2 of 31 COM xenoliths, but these xenoliths do

Vo
not contain olivine, zircon, or apatite. A ‘ edh
The possibility of deriving the COM-A basalt, BT1, from an SRP magma can be lLf‘\(Cd v
! mass balance caleulations (Bryan ef al., 1969 Wright & Doberty. 1970; Stormer &‘ Nicholls,
1978). An olivine basalt, collected from a depth of ~45 min ('l.'y.\'llll Ice Cave, Km%.xrlinwl
Vlava ficld (1V-7: Stout & Nicholls, 1977) may represent a po:s‘snhlc precursor to a € ()'M—/\
| hasaltic rock (BT1), because it has a P/K ratio (()~Xﬁ3)zxppr0x1malgly the same as that in the
:COM-A basalt (0-871). Mass balance calculations (Table 11) give a sum ol? squares of
{ esiduals of 0-58 as a result of fractionating the phenocryst usscm.hlage in lhc»ollvmc basalf:
livine (~ Fagyg), plagioclase (~Angg). and -mgilc., and a typical m:lg‘nclll..c‘ phc‘r'mlgry:l
composition o ~Uspy- Calculations with a slightly more magnesian-rich (carlier?)

e —————————

Tasrre 11

! Results of mass balance calculations to test feasibility of deriving BTI froman SRP basalt (1V7,
| Stout & Nicholls, 1977) by crystal sorting

i
’ % o
: mtial Deriiaitee ) .Sll‘l)l,sq;l‘ll‘llll’“:\
: nagma magma Olir Play Cpx Mt of residu
SRP basalt COM-A basalt 12:2 32:6 20-5 39 0-58
V7 BT1 (1) .
SRP basalt COM-A basall 12:2 294 ~19-7 32 0-30
V7 BT1(2)

are gri sorte ase tial
(1) Pyroxene Fe:Mg —0-58: (2) Pyroxene Fe:Mg =052, Numbers are grams of sorted phase per 100 g of ini

magma. Negalive values indicate phase is fractionated in the model.
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pyroxene l()wers the sum of squares of residuals to 0-3. The high amounts of materi
fractionated in this model (60 65%) is consistent with rare earth concentrations (Kuntze
al., 1992) which suggest that significant amounts of fractionation are required u; derive the
least evolved COM basalts from SRP basalts and to account for the 1-8 8 times incrc‘lseie
concentration of rare carth elements in COM-A rocks relative to SRP 6livine b;lsalls (Iflh:
mass balance model for deriving COM-A basaltic magmas from the Kings Bowl me‘:. ma is
correct. then the rare earth elements should be concentrated in COM-A lv'l;'nlt byaf: g [
~ 3 over the concentrations in the SRP lava flows. N

Relationships between COM- A4 magmas

_( oherent trends and nonzero intercepts on Pearce element ratio diagrams (Pearce, 1968
Nlch(_ﬂls. 19?'38)4 are consistent with genetic links between the COM-A mék ly‘pcs .If lhel
chcm'lc-ul variations in the COM-A suite are due to sorting (fractionation and zxccum‘u‘l'ltionl
of clhw_nc [(Fe,Mg),Si0,], plagioclase, clinopyroxene [Ca(Fe.Mg)SiO,0,] apati(e‘ and
u!yosp?nel, then the data for the rock suite should fall onaline witha slopczof:)n.e ona l;)l f:
(Si+Ti+2:5 P)/K vs. [0:25 Al+0-5(Fe + Mg)+ 15 Ca+2:75 Na]/K. ree
' To test whc(Aher the data actually conform to this sorting hypothesis, one can calculate the
intercept of a line with a slope of one through each data point on such a plot. The intercepts
themselves are plotted on the ordinate of Fig. 15. There are obviously sev;:ral rocks w?lh

MB = 0.25 Al + 0.5 (Fe + Mg)+ 1.5Ca+ 2.75Na

AD O T T e e e oo
42— {
-a.4

DO1

A
x

a

Intercept, MB/K

‘n

>
-0
S

©n
>
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o
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~
]
-
70 S9N SRR T SRS [NSSN O o NN |

i
%

6.0 L vhivn by Lo b b by el L ]
8 10 12 14 16 18 20 22 24 26 28

(Si+ Ti+2.5P)K
FiG. 15 Plot of the intercepts from lines with a slo
[ < aslope of one drawn through each data point for the COM-A rocks
aplotof (Si+Ti+25P)/K vs [0-25A1+0-5(Fe+Mg) + 1-5Ca + 275 Na]/K.Ifall therocks are (:r;nvn fmmr?l:l:\;‘:‘

magma balch, each dz ave the s i i
gl Ttﬂu::rl:'(rl‘;a P(?;lm should have the same intercept (i.c., the data points should fall on a horizontal line)
ars show the + o uncertainty in the Intercept owing to analytical uncertaintics.

intercepts that are within analytical uncertainty of each other (BT1, TMF1, BT3. BC2 BC3
Sel, Se2, Hyl, and Se3). Just as obviously, there are others that do no; shz;r‘e lhe‘ came
intercept (BDI, T»M F2,DOI1, D02, Hy2, BC1, BD2, and possibly BT2). The rocks \Vil}l the
same intercept, within analytical uncertainty, probably form one magma batch (Nicholls &
Russell, 1991) whereas the others either belong to different magma batches or have b‘een
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ontaminated. suggesting processes of crystal sorting overprinted by contamination by
umiceous rhyolite as causes of the chemical diversity in the COM-A lava flows (Stout et al.,
1989). Contamination is also supported by Sr and Nd isotope contents (Leeman, 1982¢; Futa
aal., 1988)

The chemical variations in the COM-A lava flows, reflected in the presence of several rock
wpes (basalts, trachybasalts, tristanites. and trachytes), are evidence of one or more
diferentiation mechanisms. Chemical variations among rocks with the same intercepts (Fig.
I§)cannot be explained by olivine and plagioclase alone but must include augite and Fe- Ti
oxide accumulation as well (Stout et al., 1989). Both Pearce element ratio plots and mass
nalance calculations indicate the involvement of pyroxene and Fe Ti oxides. The amount of
{ractionation required to produce melts in equilibrium with Fag, (trachybasalt stage, Fig. 8)
‘aceeds 30%. This number compares with an inferred fractionation of more than 22% of the
original mass to produce tholeiite basalts from picrites during the 1968 eruption of Kilauea
volcano. Hawaii [calculated from data of Nicholls & Stout (1988)]. The distance between the
wents that erupted the picrites and tholeiites was ~ 10 km.

Thermodynamic modeling suggests that olivine and plagioclase phenocrysts and microphe-
nocrysts in COM-A rocks were not in equilibrium with enclosing melts at surface pressures.
Pressure affects the order of mineral saturation and the ensuing order of crystallization (Fig.
14). A high-pressure sorting stage is consistent with indicators from chemical data that
wgite + Fe Ti oxide phases participated in the derivation of COM-A rocks from a basaltic
parent. The modeling also shows that augite could appear on the liquidus with plagioclase at
high pressures (Fig. 14). The gaps in the compositional spectrum of COM-A lava flows (e.g.,
absence of rocks in the SiO, range 52 55% and the separated position of the Thompson space
plyhedron for the trachyte; Fig. 5) suggest residence periods at depth to allow time for sorting
nd contamination processes to run to near-completion.

Euhedral zircon may cither indicate contamination by country rocks or that the source
rocks had higher than usual Zr concentration. The near-constant composition of olivine in
the trachytes in habits of several sizes suggests cither unusual fractionation conditions or
ipecial circumstances during contamination. Abundant brown apatite suggests that I and
1,0 are factors that influenced the crystallization and differentiation processes. Finally, the
inaucity of pyroxene in the SRP basalts in general and in the COM lava flows in particular
i1lso suggests cither unusual source rock compositions or special processes of formation. The

Thompson space diagram (Fig. 5) illustrates that chemical compositional spaces exist where
pyroxene will not crystallize (the Di=0 boundary).
! It has been established (Stone, 1969; Leeman et al., 1976; Stout & Nicholls, 1977; Leeman,
{1982¢; Menzies et al., 1984; Kuntz et al., 1985, 1986a) that the SRP and COM-A lava flows
‘un be related to cach other to a large extent by crystal sorting and some contamination by
"country rocks. Detailed petrology of the COM-A suite of rocks shows that petrogenetic
irocesses and relationships between specific rocks are complex and warrant future study.
,The specific P T ascent paths followed by individual magmas, the number of individual
imagma batches, relationships between magma batches, and the role of contaminants can
fperhups be further constrained by delineating which rocks originate from separate magma
| hatches, constraining possible differentiation sequences within and between these batches,
and by more extensive thermodynamic modeling to predict coexisting mineral assemblages
along different P T paths.
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