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ABSTRACT

Th§ ;;urpo £a ai this study ;f:aa to 1nvléstig§ta '-the variations
in patrc,gr&phy and mim ralogy of & stngle ollvine bearing ba:alt
flow. Particular a.ttmtion was dh ected tmward the camyosition of
| olivine found in the phenocryst vfra‘ction, |
| Samples were obtained from 0vutcm;5& of the Parez Mesa
ba#ali flcwg ovar & length ufva»..ppraximawly 15. 060 iegt. 13,000 feet
of which was restricted to & single flow. Utlliziug & sample interval
oi appraximutaly 1, 000 £«wt. four n.nnplas wexe obtained irom esch
tample locality. Chip samples were taken at &-inch lntcwals from
the base to the top of thﬁ fluw and ware wmbmed intcs & single comi=
posite sample. In addition, grab samples of 1 to 2 pounds were taken
from the top, widdle gmdl bott.cam of_ the flow. |
| The outcrops of the two lower flows of ‘E"area Mesz basalt

were found to be conformable to underlying volcanic sedirments.
These volcanic sediments axa curaposed of two unitﬁ of similar
lithology but sharply divergent "attitudas; the lowsr with & gemtlg
eastward diﬁ, and the uppar wuﬁ a steep westwardly dip which
tx;dncatca the lower. The »uypvr unit deliua&ta a gtruct#rul depres-

sion called the Parea Mesa bas:t_n. Field evidence indicates that



flow (iTb) is restricted to the southern portlon of this baein, whereas
flow (Thy vccupies the northecn portlon and also overlles beds of the
lower volcanic sedimentary unit farther to the nérth and sast.

Laboratory ﬂvtudiaa of hand specimens 2nd thinesections ine
dicate that the Parea Mesa basalt is porphyritic to glomeroporphyritic
olivine basalt, The culoi of the fréuh surface, the structure and the
typs alteration all vary with regard to position in the flow. Spheroidal
suues are an unusual feature of flow QTb,, in which they are locl of
most intense alteration. ‘areen alteration products, montmorillonits,
vermiculite and chlorite, are t:m;;rxmn in these zvonaes, Lut locally they
are changed by oxidation(7) futy iddingsite«like red alteration products.
Similar green alteraton is found iu the middle postiva of the flow, al-
ﬁxougt: the alteration is less intense.

‘Fhe compositions of olivine pheasverysis la the saaples obe=
talaed were dutérmlxwld usiug the rethod and forniula of Yoder and“ |
Sahama (1957), Statistical auslysis of the olivine cbxnpd&ihiuns seveals
that latéral and vertical variatkmu in flow CTby ave lnslgnificant and
tha e:’;ti re flow contaius a single pupulation of olivine with 77.5 $2.0
mol percent forsterite. A possible exception tu this genesalization
is found in the olivine compositious of spheroidal sones; this population,
rapresented by four shmples, diffari from the chip, bottom, tup aud
flow composition populations of (ITbp at condidence lavals of 90 to 82

perceat. However, the compesition population of ollvine from the



middle of the flow cormsp&m& to spheroidal zone compasitiva at
all confidence levels greater than 59 pucent.f Thus, spheroidal
.zéne: and ~“nt“1 porstions of the flow ars sl,mu#x in both pheno=
cryst composition and types of alteration, dliféxtng only in the
intensity of nlteration. The foxsterite ccmtt‘htlbi the olivine pheno-
cryst composition varles inversely with the mttnaiﬁ of alteration.
Spheroidal xones are thought to ba caused by autolithic incluelons,
by retension of deutexrlc solutions or b#th. however, no explasation
can be offered fo: the difference in olivine compeosition from these
gones.

Statistical cmmpariam}s drawn betwean the other sampled
flows of Parea Mesa do not indicate any significant differences ia
the olivina compositions. A lmited nuaber of samples from other
localities in New Mexico suggest that the evaluation of olivine com-
positions may be an importaut supplement tr;x petrographic study

olivize bearing extrusives.
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INTRODUCTION

The difficulty of correlating basalts and other fine;grained
volcanic rocks has long been a problenﬁ. ‘amd-va.rlauu solutions have
" been attemapted. Among tl;e first deviged wag IMathew’ﬂ (1951) fusion
method. Callaghan and Bun (1956) have used this method for the cor=
relation of some igneous rocks of New Mexicé. and recentlir Wargo
| (1960) has presented a somewhat modified technique vbasad on magnetic
sugceptibility. To the suthor's knowledge these methods have not
Leen used to study the vaﬁ'atians. vertical or laterdl, in individual
flows, The author studied the lateral a.mi vextical variations in one
flow, as reflected in thin sections and the x-ray composition of pheno-
cryst olivine, and cornspared the results with othex flows of similax
mineralogic composition.

The Parea Mesa flows in Bernalillo County, New Mexico
were chosen as the sampling area for this investigation. Tbis area
was selected because of the rock type present {olivine-bearing basalt); _
and because of the exten;slve outcrgp over which a single flow ¢ould
be sanupled and ﬁtudied. Continuous chip samples and grab sarmples
were collected in arder to inveétigate variations that might exist in
one {low. The comnposition of olivine phenocrysts was evaluated by

means of statistical analysis.
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CENERAL GECGLOGY

Parea Mosa 16 la the nurth-centralkpartmn of the Albuquerques
Belen basin of the Rio G:ﬁndw. uiructuml depréﬁulion. The field area is
‘ appraxhnatély one mile porthwest of Isleta Fuéblm on thé west side of |
New M@uicdﬁtato mghway 45 (Coors Road). | R | |

The genaral geology and location ﬁf :thé Parea M;’:aa field #ma
{g shown in figure L. HNo ez.némpt WHE m&da to #xtand mappiog to detailed
featurce of the wuderlylny v#ﬁﬂéﬁic malmenté ox fo outer rem.mntu of
bwélt close tu Coors road mxd near Isleta Pueblo. Maﬁping w.u& done
on a topugraphic base (Isleta qu:adz&n de); merml photographs of the
area were not available because of aec:urity restrlctlona.

Previcus work ia this area is limited to th&t of Wright (1946,
p. 413) ﬂ*dw states, |

“Acuma Hill (wpagr&phically miwréﬂ tﬁa as Parea

Messa), west uf Ihlht& an the Rio Gr anda. is an exhbumed

lava cone surruuudad by 2t leaat 50 fwt of deformed,

water-laid basaltic gr avel overlain by 10 tu 40 faet of

tava, which is prubah!y late Santa ¥ th- 'l e Pueblo ui

Isleta is bullt upms the lava, "

The water~lzid .mmmtm &raval which W vight nmntiwm is the

 gldest unit shown on figure 1.‘ a‘md in herein callmi vulcauic gsdiment,

The genaral field relations of the volcanic amﬂmanﬂ are showa in

2=



plates 1-3. In every cese tha overiylag Parea Mesa Lasalt is con-
formable with the volcanic sad@enta. i

The volcanic sediment is composed of thinly~bedded layers
of basalt fragments with varying pmpurﬁens af qﬁarfa sand and sllt;
the matex‘ial is well to very poorly sorted z;nd fine .silty layers alternate
with p:edominata& sau&y a,m_i éravally{l#ya;‘ﬁ; Calcite cement is come
mon throughout, Withiu cert#lu lay;er siquléﬁcn.aa, bculﬁ@u crop out
along the same stratigu};mé ho;'iaog_, at imerv"alfn of from 3 to 20 feot.
In evary case a local thinoniay uc‘:curis in the beadds;d sediments. In
spite of the thinning, the bedding lithology appears to be continucus
both balow and above tha boulders. The distortion of layers is ap-
pareatly due to compaction. A thickness of abuut 50 feet is measurable,
but the base of the vulcanic isdimenta,is nut exposed in the field area,

Dlrectly overlylng thé volcanic sedlments are the various
flows of the Parea Mesa basalt. The Parea Mua basalt is probably
made up of many flows and ﬂow»umtﬁ (7). Four flows have bean shown
in figure 1. Flows are d!.uttnguished from ;flow-units. ap defined by
HMichols {1935), by the fact that successive flows usually are separated
by a longer tﬁne interval which may be mdicatvad Ly non-basaltic
depésition. Flow units, as described by Nichols, are abssat in the

sampling area, and flows have been observed to be laterally countinuous

-3.-
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FIGURE |

Map of thk PAVéd Mesa Basalt,
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llA View northeast of sample 1ocality number 2,
looking southwest. Note ﬁpper ﬂow units which
define thea edge oi C)Tb. the north-westerly dip
of QT (uppar unit only) and the graval pediment
of {ig in the £oreground hote thm outcrup of the
lowermost ﬂuw of TH at the top. and {iTb} below,
Also note the veneer of gravel (Qg) which forms
an angular uncnnio rmity wlth the northwe sterly

dipping volcauic sediments {GTs=2).

1B View approximately 300 feet north of sample
locality nufnber 2 looking west, where UThy
and QTby overlap along the outcrop. Notice
that flow QTh, 18 continuous to a vary thin edge.
The total thickmss of both ﬂaws 15 batwean
6 and 7 feet. The deposit between ﬂowa is a
very thin silty zone, less than a foot in thick-
ness. View of GTs is perpendicéiai to the

strike and the dip is 15° NW.
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to lass than & inches in thickeass (plate 1B). - This indicates & high
fluidity and it may be .that thn !i&w-uuit mac}iéml sm of movement,

. described by Nichols (1936), was ot active in tbw Parea Mesa flows.

| At uample loc:ality l two ﬂowa are premntv The lowmr flow
is 20 {set thick, and the upper ﬂnw is appmximataly 10 feet thick,
The lower and uppes ﬂuws ars wpaxatad by a thin silty horlwn. ita 2
feet in thickness. Doth flows &xe coutinuoua aml hawa about the ssme
thicknassss to sample lucality 2 {plate IA). About three hundred feet
norihazst of sample luﬂall.ity 2 (plate 1B) the 1;‘::-@'.&:" ilbw (iThy) pluches
out and & new flow {(QTby } uverlaps it. The lower flow iTh is not
coextensive with either flows (b ox LTby, as shown in figure 1 aad
plate LA, Flates 1 and 3 ill.u‘satrate typicui exéaaums of (/Th; and the
couformable coutact between f,'.';';“.fbg and the underlylag volu#uic sediments,
(s (Plate ZA). | .'

fm unusual feature ui (ITby 18 the occurrence of spheroidal

zones. These songe range from 6 inches to & Ic:.,t in gutciop dlmuet@r.

| ses plates 24 and 28, and appwr to be latalitiaa wi intecnse almmtian,
poasibly in&icatiug autolithic assimilation and/ or x«.actiqn These
uphwai&al zones do nut appear to be plllow structuies, nor Were any
othar features ceramounly as(‘;ribwd to aq&i}eous chilling (Russel, 1502;
Fullex, 1931) vbserved in the field avea of the Parea Mesa basalt. That

s, slthough the bottam portion of GTbLZ is very vnamular and, in places,

‘é-



2ZA

2B

View saveral hundred feet southeast of sample
locality 6 looking northwest, illustrating the

decraasa in thickness of mThz along the western limb

- of the Parea Mesa basin, The thickneus oi QTby in

the foreground s 30 feet while that in the background
is 5 feet, Arrows denote spheroidal zones, Note
the basinward dip illustratsd by the expcwed portion

of the flow bottom.

View near sample locality 11 looléing Q;:uth- Note thé

large » central spheroidal zone which is sharply outlined

by weathering. The contrast in color and surface texture
between the apheroldal zone and the lightet gray baumc
material adjacunt to vertical joints. and in the lower and
upper :p&l‘tl nt the flow are clearly defined. The thin bed.
ding in the undirlying QTs dips gantly' eéatward. The ham-

maerx handle {# 10 {nches in length,

n‘i“st
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3A

3B

View looking north toward sample locality 5

looking northeast, lllustrating the truncation of

"the geutle easterly dipping QTe#~-1 by the steeper

westerly dipping beds of T s-2. Note the increase
in basalt thickness in the westward re-entrant into

the northern portion of the Parea Mesa basin.

I LT A

View southeast ‘oi sample 1ocalitf 6 looking south-
west, 1llustra-tﬁ‘né the thickest'outcz;op of (UTby
which denotes the cross-pection of the axial portion
of thal northern imrtlon of ti\g Pafea Mesa basin.
The thickness ihere is approximg,tély 40 feet and

the basinward dip is 28° to the sauthwest.
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qult@ rubbly (plate 35), 1:1 hami-specimen tha ar uundmau is not
vitreous. In additica, the aphmuidal gones occur in the top, bot-
tomn or central porti‘oﬁs of Qsz. these lattux two occurrencw are
pi‘::lurm‘i in platas ZA and 2B, |

The upper flgws of (}Tb are not mapgwd as upnuta uaits
becauss their ral&tionshipﬁ are concealcd by ba.aaltlc talus; the
approximate distribation of thﬁaram flows is !ndv.“l‘éatmi Ly the outer
wmargin of tha lowest flow uf@'l’b, plats 1A, | H

A youch later ilow on the top of Parea Mesa, designated
(1Tl 1o about 10 fwt thick aﬁd probably represents the last eruptive |
phase of voleauic activity li {he area, | |

Parse hMesd iu youghly cuaical in sh#gx». Lut has 0o re-~
cogulzable central vent oy crater, Local patchw of veddish (oxddized ?) |
scoriaceous material, suggesting explosive activity and possibly a
laca.i ciudcf cone or vent, but .‘tkm continuity of thi‘n feature is cbecured
by the final aruptive phases and the talug coversed slopee,

Gravel {(Qg) 1to ‘10 feet In thickness, cﬂmﬁiating ﬁ;*edon;izxatalf
of yranite, gneiss and quartx.ita pebblas, is fouand in two localities in
the Paﬁea Mesa flold nrea (Eigm‘ﬁ 1). Theze ggié.faln averlie (JTby iu the  °
no:thern portivn of the fald area and the voloauic .wdimentﬁ {plate 1A)

and a thin unmapped basalt gutllier in the southern portlon. Iu the




noxthern pérti@n these gravels are 120 {fest above the present Rio
Grande flood ylain. while in the southern portion they are ap-

| proximately 100 feet ;tbcavq the Ric Grande flood plain, It is thought

that these gravels cover remuants cﬁ a former ped&m‘e#ﬁ surface,

- left after partial exhuming nf the area, and arxe pxébahly equivalent

{n age to the Segundo Alte surface of Wright {l%&). Scattered pebe-

biu of granite, gnemi and quarteite are rather common over most

of the surfsce of the Parea Maesa basalt, thus éffw!ug additional

avidence for th‘c exhumed nature of Parca Mesa.

Alluvium (£3al) includes recent mdimaﬁta;ry material of the
Rio Grande {lood plain an& bagalt talus ln the vicinlty of the Parea
Meaa,

Wind-blown sand (Qe) covers much of the mapped area, and
restricts the exposure of the: Parer Mesa basailt to the south and
southwaest, The wind-blown sand repregents sa active eastwardly
advanciang front of fine sand which prevents the tracing of flow CTby
betwaen sample localities 7 and 8, However, QTb; is believed to
be continuceus underx the sa.pd cover, bacause of its Inferred high
fluldity and the lack of a cu-éxtemaivc development of immedlately

adjacent flows of stratigraphically higher or lower flows.

-10~




STRUCTURE

The structural evolution of the Parea Mesa nrea is beyond
the scope of this paper, ingofar as the author's problam is conccrmd.
However, some of the pioblema cuncammg the ntructuml evolution
in’cludo;_.' the study of water-lald versus or lncluding aeclian agents
of transport and deposition for the volcanic sedlments; the unusual
character of the vélcauic: sediments, m«nludvingr tiw bouldex layers and
large-~scale truncation; and the relationship of the Farea Mesa basalt
ﬂowi to the pre~flow surface of the volcanlc sediments, These hﬁt
two faaturss are of {nterest since the thickuess aad distribution of
the Parea Masa basaiﬁ seam to be a function of its structural relas
tionship of the underlylag volcanic sediments,

1n the northern part of the Parea Masa arsa the volcanic
gedimenta have nearly a horizontal to a geﬁtlu‘caﬁtwm‘dly structural
attitude, denoted by QT s=1, with lacal 1rrc3§1u dips of 0 to 6 degraes,
The pre-flow surface furmed by these beds is parallel to this structural
attitude (plate 2B) and su the basls of 2Tbz outcrop thickness it is -
inferred to be of low topographic relisf. - Voleanic iedimants of this
same str.uctura.l attitude are found in the southern portion of the Farea
Mesa area, except that thexe these beds are truncated in their upper

portion by beds of similar lithology (plate. 3&5_, The truncating beds

- 1_1-



ave found culy in the southern portion of the Farea Mesa area and
represent a sscond, westerly, structural attitude, denoted by {iTu=-2.
Minox faulting in the beds of (UTa-l in the vicinity of this angular
uncoufermity appears to be associated with the tactonic activity
which gave rise to this truncation; fault'lungaa definitely pre-(?a'rbz.
The volcanic sedlments of thc second structural attitude
héve westerly dips of 15 to 30 degrezéﬁ (plates 14, 24, 3A, and 3B).
The attit‘udes of thege beda {udicate that the pre~ilow surface of the
southern portion of the Parea Mesa area was an elongate assymetrical
depression or basin whose axis is southwest-northeast. This depresazion
called the Parea Mesa basin s composed 6( nurthefn and southern
parts, and is belleved to be a product of pre-flow subsldence. Flow
{iThy is believed to have been largsly reatric.ted ‘éo the southern portion
of the Parea Mesa baﬁ‘iu and ilow ((Thy is gamra‘lly restricted to the
oorthern portion, The evidence for thase postulated relaticnships
{ncludes: the fact that only m;e.ﬂow (QTBZ) amims nerth of the ap-
proximate dividing line within the basin (plate IL aund figures 1 and 2);
the fact that (UThy i8 everywhare conformable with Tee2 (plates 2B.i;
3A and 3B); and the inference that outcrops near sample localities 6 \
and 8 transect the axis of thf.; northern portion of the Parea Mesa basla ‘\.
{plates 3A and 3B). The character of the pre-flow surface of (UTs-1

and (WTs=2 16 lndicated In figure 2, in which it i assumed that the



FIGURE 2

Isopach map of flows QTb; and OTb, which have essentially
horizontal upper surfaces, thereby illustrating the pre-{low,

structurally controlled, surface of (iTe. The Parea Mesa

LG SRS TN

basin framed by (0Ts=-2 }.m{s beon subdivided into southern
and northern parts, and is belleved to be the result of pre~

flow subsidence,
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upper surface of the basalt is horlsontal. Thia figure {llustrates

the author's hypothesia that the distribation and thickness of QThlv

and QTh, is éomralled by the strﬁcmral attitudﬁ of the underlying
volcanie sediments,

‘The gross lithology And structure ofv the vulﬁnnic sediments
of tﬁe Parea Mesa area bear a marked rea#x;:blﬁnc»o f.a the volcanic.
gedlments related to diatremes of the Hopt Buttak area, Arizuna
Williaims (1936), Hack {1942), 2ud Shoemaker (1956), The texm
‘diatreme has been used to denote the structural aud lthologic Iaatun's
asseclated with volcanlc vents of an exploélvo natu Qe. Shyemaker
(1956) has noted that the difference between dlatremes is related to
the amount of subsidence and exieut to whlc& sach vent aad its age
soclated sedimeuts are exposed. That is, in tha pmximlty of the
vent there ls‘pariodicbcx;zlosiva volcanic activity nsoc.i.ate.d with prew~or
post-volcanic subsidence, and during periods of qu{escance thore is
agueous or nonaqueous sedimentary deposition. 'T’lxex';fare, Su a
gradual and progreselve subaidencé takse i}lacé the depression is
filled wiih 4sadimants. chlefly of volcanic orlgin, in which angular
uncunfor};ﬁties are common. Shosmaker (1956) has also noted that
the structural depreseions formed by diatreme t&étuuics prubably

become the locus of lava extrusion after collapse has ceased. Thus,
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the author has concluded that the genaral structural features of the
volcanic sediments of the Parea Mesa area are bast explained by

diatreme-~like tectonics.
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SAMPLING -

' The Parea Mes# basalt was sampled in 13 locriities ap
#hewn on figure 1, and a total of 57 ‘sa.mpl.es Qeru collected. ’I“ha:.
3&#11111:1;;; luterval was approximately 1, 000 f:mt‘. Fleld studiss
have revealed that the fixst two sample loéaligieﬁ ﬁcm confined t;ca
QTby and (JTh, while the remalning sampling locallities are believad
to be solely from (Thy. B

At each ﬁanlpl;:! locality & minimum of f&;’»uil samples were

obtalued., One sample was & composite, com?o sed of chips taken
at 6 tuch intervals from the bottom to the tup of ihe flow. The second,
third, and fourth mmpleaiware; grab sanupies ;Qroiwn from the outcropi
ong foot from the bot‘tom jin thé approximate middle; and within one
foot of the top of the flow outcn}p. Ea;:h émb sample weighed ap-
proxbinately 2 pounds, while the c.ampo&ue ﬁ&zxiplum were on the ovrdar
of 3 pounds each. At sample localities 6, 10, il. and 13 spheroldal
areas iu the outcroup (see pmté 2) were alsu sampled in additiun to the
four regular samples. The samplew{-we‘re 1&Lelﬂd with & number which
denoted the sample 1§cality and the chip cqrupi:mita and a letter to vi,n-
dicate the grab pozition wiﬂzin the sample .luaality (¢, g. 65-39!1@1‘0*&&1
zone, 6T «top, bMe-iddle, 4D ~bottum, (VBevery bmttmh, and 6~c§1ta~

posite chip).
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The reasons for the different types of saunples described
sbove are twofold., First, a check between the data obtalued from
the composite chip sample and the grab samples furnishes informa-
tlon coucerning variation with respect Lo sacaple position, ESecondly,
{nasinuch as composite chip samples are difficult te obtaln in most
field veeurrences of basalt, the comparison of cuposite chip
gaples with grab ssuples inight yleld information éancezrning the
rellability of samples collacted from the top surfaces of a flow us
compared to samples taken at the bottom or saiddle of the flow.

The composite chip sainple Is asaumed to be ihe most represcntative
sample at any given lucality because any vertical variations which
miglit exist have been integrated, Bottom, iuiddle, aad top grab
saaples also furnleh luformation concerning vaslations iu these
hovigous, and the averages for uil samples from 2 glven horlzon

can be comparad.
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LABORATORY STUDY

The laboratory wwk‘ tnvolved detalled study of all grab
samnples, supplementsd with thlan~-section aﬂéiysﬁis of grab samples
from a few sclected localitivs, and x-ray dﬁlc#mhn&tla)n of the com=
position of phenocryst olivine. Variativns with regard to sample
p#altiun and locality have beeu noted, and statistical analysis is

appled to gbserved variations in olivine composition.

Hand Specimen Study

All grab samples were examiined to dotermlue: gross
structure; percent and shapo of vesiclus; the natuxe of vesicle
fllling material; color of fresh and weathared surface; the miner-
alogy, shape, sime and color of phenocrysts; and coloy and extent
of alteration. No gross differeusces were observed betwesn the
thin-sections and yrab samples [rom QTb;, GTh, or (Th. How-

“ever, slmilarities were cbserved in i}sz between grab samplos
of the saine relative vertical positiva; rock colur and structure
vary with sample posiiloa.

In hand speclinen the {resh surface color can be used as
& goneral indication of vertical sample position for any sampled

lacality. In general, samples from the bottom of the flow are




black to dark gray; samples from the middle and within approxi-

mately 3-4 feet of the top and base of the flow are dark blulsh 1o

‘greenish-gray (particularly those samples from sphercidal zones);

and samples from tha' top of the flow and alahg jolnts in the flow
(i. ¢. 3to 10 inches oo sither nida) are light grny to light brownish

gray. The divergence ln color is principally the resuit of altaratiou

and/or contamination, The color of the uppermmt grab samples is

essentially that of unaltered basaltic material. The color shown in
the ¢entral and spheroldal zones is due to the g;rﬂn alteration pro=
ducts which change outwardly into red alteration products; in tuxn
the red alterations products diminish toward jolots and toward the
top (plate 4). The coloxr of bottorn samples appeax to be moze af~
fectad by contamination; alteration and/or weathering products are
black, green and red.

The structure of the grab samples varies syatematically
with position in the flow. The bottom samples are quite vesicular
in & zone which extends upward for 6 lnches to 2 feet {rorn the base
of the flow, before grading {nte & more massive middle portion, The
massive middle portion grades in turn luto & vesicular upper portion.

Veslcles near the bottom are izregular in outline but gen-
erally are flat, with their longest dimension (0. 5 to 3 inches) parallel
to the pre-flow susface. Some samples, colléctad at the very bottom

of the flow, are bright oxanglsh red, as are the adges and interiors

“19-

o AR NS W 3 o e



4A

4B

Hand specimen showing rounded surface lcaf spheroidal
sone which is separated from an onter lighter gray aren
Ly a fracture, Note that fracture bears very little re.
lation to the change in color, dencted hare by a change
in coatrast,. The lower margin appears to he a joint.

A glomerophenoeryst is shown in the uppar-central

portion.

BTG

Sawed and ground suriace of the same sample. Note

that the {racture beara very little relation to the change
in contrast, Mottied appoarance of the lighter material
adjacent to the joint fracture is due to ir.regulinr distriba-

tion of red alteration preducts.



fracture
color transition zone

wonl_joint surface .
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of most of the vesicies near the base. The vesicle filling material

18 commonly cslcite. Vesicles constitute between 10 and 50 perxcent

of the volumae of the flow, with the average being approximately 30
percent, |

The gross ltﬂcturc of the middle pc.?tian of the flow is
massive and nouporous with ‘only 4 to 3 percent of the volume as

vesicles, Many sample 2reas in the middle portion of the flow show

changes in color, particularly along Jaiuin. Tha#o color differences

are intenelfled where sphereidal areas (see plates 2 20d 4) are ex-
posed by surface spalling along fractures but may be quite irregular.
Plate 4B {llustrates tha color contraat between . spherxoidal area and
an outsr shell on a sawed sur{;ca. while plate ZA illustmtu the color
differences on the waathémd surface., Although the sphergidal shape
is cutlined by a fracture on the weathered ﬁgriacc.. the color change
is gradational on the cut mrhc# and not necersarily related to frace
tures. The spheroidal sones are quite resistant to ﬁcathurlng. Amyg-
dules from the middle pertion of the flow are spherical and from 0. 1
to 0.3 inches In dia.mctar‘. The amygdaloidal material is transparent
to sarthy. The ‘tran;param material is mlclta‘. The earthy material
is from bmﬁn to clive green to pas gram in color and {s particularly
restricied to spheroldal areas, Optical study utilizing {romersion
olls reveals the range in indices of 1. 54 to 1. £] for light-green, fine«

grained aggregates and fibrous rosette~like cluaters which ars length
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slow. {(lualitative xe-ray fluorescent analysis inﬁicmu the presence
of iron. Xe-ray diffraction analyeis yields an expanded basal reflec-
tion of 17.8-17.9 R, with an integral series of higher order basal
reflections, It has been concluded that this material {8 an iron rich
montmeorillonite. |

The upper portion of the flow contains from 1 to 40 percent
vesicles and has & more porous groundmass than the middls ani
bottom parts. The vesicles range in sise from 0.» 5 to 3.0 inches
and ara circular to elliptical in crosn;&actiﬁn. usually with smooth
inner surfaces; some clear to milky calcite amygdules are present

in minor amounts,
Thin-Section Analysis

Thin-sections were made of the grab samples obtained

{from sampla localities 1, 6, & #nd 13. The tdp grab énmpla from
locality 1 was from QTb, thes middle and bottom samples were from
QTh y’ and all the rest of the grab samples of which thin-sections
.wera made were from (Th,. The Parea Mesa flows, (UTh, QThy
and QTb, are porphyritic to glomeroporphyritic olivine basalts with
similar mineralogy. Calcic plagioclase, oliviue and pigecnite are
ths principle phenocrysts and together comprise 10 to 15 percent of

the rock mode (lcé table 1). Glomeropherocrysts have intersertal

to subophitic textures: & minor amount of flbrous zeolite, thomsonite,
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was found in the interstices of some glomerophenocrysts. As a
rule ollvine and calcic plagloclase occur together, while olivine
and pigeonite are more common A monomineralic aggregates.

Individual phenocrysts of calcle plagioclase within the
groundmass are subbedral, usually having angular terminations.
The composition of 'phcnuéryat_ plagiocinse is bytownita with a
range of Angy g4 The composition bywwuita‘.ﬁn bakod on
Michel-Leovy s method, utilizsiug the maximum extinction angle
of albite twins, in cunjumtiun with T suboi's method using the
maximum index of the (010) cleavage (Rédgaﬁ and Kerr, 1942).
Bytowaite crystals are commanly goned and show recrystalliza=-
tion of corroded areas, As many &s iwenty xones were cbserved
on & single crystal and, as & ruls, the cores are more calcic than
the borders, while Intermediate areas exhibit alternating zones of
intermediate composition. The compositicn of grann&mau plaglo~
clase feldspar is Angy ¢ {i.e. iabradorite) using the method of
Michel-Levy. Labradorite laths form the groundmass network
(see plate 5).

Olivine crystals ars euhedral to subhedral in aggregate
occurrences with bytowaits, but are subhedral to angular as lodi-
viduﬂl phenocrysta, It is not known whether all individual pheno-
crysts of olivine are related to the aggregate occurrences, but it

is thought that the angular phenocrysts of bytownite are clastic
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TABLE ). Modal Analysis for the Fares Maoss Bmu&t‘

thi;ﬂl Volumse % “Eise i
' Thage BN
Phenocryst f:mﬂm 10-15 | -
Bytownite =8 _ 13
AR11a73 |
C Olivies | L-10 |- 0.85«1,8
Plgsoaite | eser | 0.8-1
| Groundmass . £5-90 | -
Labkradorite | - 50-50 0. 08-1, 30
ARpg-bs |
Dlallage 10-20 0, 05-0. 2
Magnatite aud/o¥ : | ‘
Hmenite 5-10 0.05-0.1
Apatite ' Trace 0.48%
Zircom  Trece 0. 03
1 yrcde does pot includs alteration pfw&uum.

fragmants of thesa snd 8 modariie portion of the lndividual ollviae
phenocrysts may have besn dexlved in n shnilay mauner, The geaersl
features of thess glomerophenocrysts indicates that they are sutelithie

inclurions of genetically related rock which may have crystallized in

mihe



an intratelluric environment. Zouing is appareat in some olivine
crystals and iﬁ outlined by layars of magnétite dust Qi fnternal
iddingsite alteration {plate 5). Most olivine phenocrysts include
'apnqua blebs or cubes lqi unidentifled iron or lronetitanivia oxides,
| Embayments of olivine phenocrysts are present but are not ubig~
uitoﬁn. while pyroxene coronas or reaction rims are absent. The
olivine phenocrysts hwe,u zv 80 close to 90 du;;mu that the optle
oign is Qppa.rontly neutral, Groundmass olivine is cleaﬁ under plaia
polarized lght and uce;zm as intergranular uuhédxal crystals in the
labradorite groundmass ﬁotw'mk (vee plate 3), ',Thno' iﬁnll olivine
crystals show slight to complate tddingattu nitdrat,lgn. |

,V Pigeonite is iha least common of the _phamcryat constite
mnti and i{s usually eghedral in individus) phauaciryau and subhedral
in aggregates. Zoning, twianing and iecry;tﬂli#d Areas axe commen
in pigeonite crystals., Both polysyathetic twlqﬁing on (001) and twin=
ning seams on (010) were observed, Pigemxiic may be distinguished
from groundmass diallage :nainly by better daveloped cleavage, 2V
of 15-20°, and maximum extinction on (010) of 36%(Zac). Diallage
has poorly developed cleavage, 2V of 30-40° va.nd Z e maximum ex-
tinction on (010) of 48°. The color of phenocryst pigeonites is pale
gray in basal sectlions and colorless in otherpr‘iantauws. Diallage
.13 coniined almost exclusively to the gx*uu_ndm‘in while p‘lgaonit‘e hag

not bean identified in the groundmass. Groundmass diallage is

mdBe
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Photomicrograph, plana-polarized light, showing an
aggregate occurrenca of alivhw phenocryets {(U), and

& relatively unsltered groundmass of labradorits (L),
disllage (D), magnatite (M), and olivine {O). Nate

that iddingsaite {I) altexration i3, in gome caces, within
the crystal boundaries of olivina, The gensral unaltered

nature of the groundmass {8 characteristic of the upper

portion of {low Q‘I‘bz‘a ATA

Same as above with nicols croused.

[
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colorless to pale 5fay and 1 & unaltered #xcept 19\ ths groundmass
near the Lottomn of the flow. Diallage is gandran.y intergranular in
the natwork of groundmass labradorite (see pldtu ) P

- Alteration and groundmass textuze of the Pares Mesa ba-
salt vary depending upon sample position in lhﬁ flow, and are found
to be ganeﬁny comtﬁt&bt betweon sample lamlltiéa. Alteration
present in the basal part of the flow la diatiucn)'r-dmonnt from that
found {n the middle and upper portions. The groundmass i3 essen»
tially opaque ylelding a hyalo-ophitic texture lin which the original
groundinass constitucnts can only. be infarred io areas where vague
differences in bimfxing;nm aan be ae“en. Thi# altered groundmass
is componed pmdotﬁimnﬂy of dms; opague crystallites which illus-
trate moargarite o.nd cumulite forms near the bordna of plagloclase
and olivine phﬁnacryata. Olivine phanacryutn hwa opagus alteration
nlong fractures as well as along Unear extensions away from frac- |
tﬁxcs which are paraliel to subparallel ta crysmnovauphtc directions.
Othsr alteration pxoductb‘ of aiivina include ved 1d41mgsm and a green
alteration product heltnv&:d to be amactltewchmmm Wilahita (1958);
both are similar in mwurrauea to that of the opnque taaterial, The
groundmass constituents (plagioclase, pyroxens and olivine) are
elmo#t corpletely altared in the basal portions but become readlly
iacagnimbla within 3 inches to a foot of the b@n. as the denslty of

opaque crystallites decreases.  Prssumably this type of alteration is
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dus to contamination by solids and volatiles from the underlying
sodiments which may have had a combined élfoctl with deuteric
solutions. | .
Amygdules in the bettom part of the flow are filled pre=
| metly with coarsely crylﬁ;lline calcite, Ai isotropic black
. to orangs material, chlorophaeite (Peacock and P‘uun. 1928), is
” also present. Chlorophacite also occurs in u fﬁ;.gfoﬁndmnsn in-
terstices, where it uuuilly is associated with an anisotropic mater-
ial of nimlkr color that is tlﬁiouu (length- sldw) to microcrystalline,
and which may be iddingsite or smaectite-chlorite, Wilshire (1958).
Alteration of the central portion of the flow is the most
intense of any of the areas examined with the &ceptlon of apheroidal
gones. Both spheroidal mones and the central fiortlom of the flow
~ exhibit similar type dtciation in which the groui color ‘oI‘ the altera-
tlon product is green. Witﬁin the spheroidal uﬁmu there urel loci ofl
intense alteration which haviv cdr#u of very pale green to clear fine-
grained aggregates {probably montmorillonite on the basis of its
amygdaleidal occurrence) which grade outwai'd ix'zto.dark green, oli-

vine green and light green alteration products (plate 6). Dark green

alteration products are massive with only vugue extinctions and com-

monly form pseudomorphs after ollviné. plagioclase, and pyroxene
phenocrysts (plates 6 and 7). Pseudomorph extinction, if preseat,

is generally in the direction of the relict host mineral cleavage.
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th}ﬁamicrograph, plane -polérized Hght, showing the
intenge altmathm characteristic of sphercidal zones.
The change in contrast of the alteration prmiucm iliag=
irates an approxvimate zoning with; tha darkest being
located close to the center and .i-,srmiuggmeudcmwfphﬁ
aftmr‘ olivine (PO), Highter also furming“ p’sém‘wmarphs
afiax olivine (PO), and groundmass pmgiacmm (F2);
and the lighhmt which is restricted to g;cm:mdx:mwa
interslices. Ixnliim:;.f'ml‘ﬁ ama&;ﬁguénts include bytownlta
{3}, labradorite (L.}, magnetite (M), dializge (D),

clay (7) (C).

Enlargement of cutlined srea in bA,

Pl
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thtamicx’ugraph of pasudomorphic alteration proe
duct of olivine wsing vertical tllumination. MNote the
definite fibrous habit and banded texture of the alter~
ation product, The accompaning overlay {furnishes
an ldea of the v;ariatimn in color of the bands which

are actually an end-on view of micacesus plates 1a

brown and amber areas., Green areas are composed

of a Qery massive {ine grained to fibrous material,

(3.
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Olive gresa alteration products form pseadomorphs after olivine and
plagioclase phenocryuto and fitl loterstices of groundimass plagioclase.
Olive ygreen alteration producis differ from the dark greea alieration
products in color, vécurreénce, and crystallinity; ihey ars micro-
crystalline to fibrous, length-slow, The light green alterstion pro-
duct is aleo microcrystalline to fibeous (lengih-slow) but ouly occars
in the laterstices of groundmuss plagioclase.

Plate 7 illustxatéw a peoudomorph of groen alteration after
Qlkvinu. as viewsd by vertical illuminution. The uuum‘uf the color
bandiay Is illustrated on an overlay. The view is approsimately gar-
allel to the micaceous cleavage of the dark brown wnd greealsh brown
pacudomorph atsvial. The lyht to ysllowish greon material is finer
grained and massive, Microscopic exumianation uiiliging Lairnersion
olls indicatsa that the colur varisties of the yrusa alteration product
have indices which lie wiihiu the vangs of 1.57 to 1.54. Here the
variailon la crystallinity is more apparent; thé massive green mat-
erial is composed of microcrystalling aggreyates which are oriented
in sach & way a6 to lnp&rt gross optical propertiesd to the fragmeats,
The cleavage of this varisty is linperivct, purallel to the slow direc-
tion. The dark browi sud grdsalsh brown materiuls of plate 7 were
observed as plates in the lovee grala study. Thess plates were op-
tically negative with & 2V less than 5 degress. Oa sevsrsl such plates
werd equal to 1,564 + 0,002, Both the micaceous and the

NF aiad Nx



massive roatericls were auxlyzed uslag x~ray diifraction and both
ywleldwd four measurable reflections: & Lroad but intense reflection
at 14 3} and less totense roeflections at 4.6 %, 2.65 8 and 1.52 £,
Undiffersatiated pseudomorph waterial was then trvated with wthel
sbe glycol and x-vay anslysis vuvealed broad reflsctions at 16 2

and less ntenas reflections at 9 X, 6.5 R. 7.2 Roavd 4.4 . The
character of the reflections frum the glycolatad watsrial was poor
aud thove spacings given rspresent the raost frequasat vellections
from: roore thin tea xeray runs os the sarae material veing both
Ni-filtgred Cu radiation and Muo-filtered Fe radlation, Ke-izay sn-
alysio of this same material after 24 hours heating at 700”C yielded
a broad reflection between 10,0 and 9.5 A with a poinly defined
plaisua &t agproximately ld 2. 1t bae been convluded that the gresa
alterstion products of sphersidal sones and central partion of iz’l‘bz
are compoded of montmurilloaite and an axpandable vermlculits,
plue a minor amount of chlurite. The distioction between inoatmorils
tonite sud veciniculite 1s one of graln size; vennlculite is codrser
(Weavaer, 19356). Chloriie is indicated by the lack of a full 17 ). g
panslon with stheleus glycel, wsuiaiegral higher order refloctions ol
the basal spacing for thy glycolated muterial wnd the platsag av 14 £
on the heated waterial, Wilshire (1958) bas used the Eovm ginsctites
chiovite to describe material of aiailar witave from exiraslve FOCKE,

This saroe tevnddnology will be dsad by the sutbor bn view ol the fuct
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that chlorite may occur as an iﬁdapcndont phase or as an inter-
‘hywed constituent of montmorillonite and vermiculits (1.8, smec-
L tite). Montmorillonite of earthy amygdules of apheroidal xones
differs from these green alteration producis ﬁy {ts finer grain size
and 17.8 & vasal spacing with glycolation with an _imiagral aeries of
© - higher order basal rcmacticnn.i{ ‘Y‘urchar detail M_;o' the exact me-
chanice of alteration and the shemical ch_ang'éu mmlw&gn beyond
the scope of this paper.

Another feature of the grean alteration pmduéts is thelr
color transitions into reddish slteration products which are similar
in erystallinity and occurrence. | This transition {plate 4-) appears
to be u secondary product aftes the green varisties and ls usuaily
 preseut in a rather narrow zone b‘etwwn altered spheroidal ereas
and unaltered outer areas. Both products occur as alteration pro-
dusts of olivine und plagloclase, and fill interstices in the groundmass
(seo plats B). Although the explanation and origin of thuse alteration
products {s beyoud the a@j;m of this study it is hnpmtmt'that the

studies of Wilshire (1958) and Brown and St«phm (1959) indicate that

' layered silicates, montmorillonite, varmiculite, smectite and chlor-

ite may alter to the goeshite, the pigment and major mineral constitueat
of iddinguite, with a possible ead product of gaaﬁzita and of axsorphous
silicates (Sun, 1957). Both red and grewn altaration products have a

similar mode of scourrunce in olivine phenscryasta (plate 7); forming
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firat along fractures eod crystal borders, then showing 11@%1‘- exten~
slons into the host which ara m‘augnment. with the optic and crystal-
lographic elemonts of dnvim (plm; 5). Plates 6 and 8 illustrate the
other occurrences of the red and green alteration préductn in more | ﬁ
.. {ntensaly nltered areas. . - e TR . F
- Alteration minerals found in the nppér_ portion of the flow
consist solely of calcite and iddingsiu. Calcite ozcurs after plaglo-

clase and fills interstices, whils iddingsite i}u restricted mostly to

olivine. An interstitizl occurrence of iddingeite gives a mottlad ap-
pearauce to the grosa mlaf in some instances {plate 4}, In this
occurrence iddingsite is fibrous to microcrystalline, but the color
and high birefringance make further optical properties rather lude-
terminant. This occurrence and the occnrreneo uﬂ;cr olivine are
similar to the earlier description of red and green altaration pro-
ducte,

The time and nsture of alteration which has ylelded this
complcx aggregation ot alteration broducu is thought to be late
stage dautum solutions with mlnor subsequent changss due to . o

weaathsring.
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8G

Photoraicrograph, planeepolarized light, showing
ihe diétribui‘ign and «a:i:mrrence of red alievation
products charncteristic of central asd border pare
tions of spheroldal sones., Minerals inciude bytown-
ite (I3}, labradorite (L).. elivine {OQ), pig‘é@nue {¥),
dialiage (D), magmﬂim {Mit) and red alteration pro-

duct (RLA).

Ealargnment of cutliced area in BA,

3

P!a;.‘ytmx;icmgra;:ah, plase-polarized light, showlog
the distributicn and occurrence of the green allgre
ation product (A Mix.mxal constituenis labeled
a3 above. Notice the similarity in dmtriﬁmion and

cccurrence as shown ln plates 7A and 75,
nlargoment of outlined aren in 8C, notice the

pecurrence of alteration about olivine and tha oo~ -

currence in the fractures of groundmase labradorite,
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K«ray Investijation of the Olivine

Pheaocryst Fraction

Bowen (1928) noted that olivias Ls oap of the first ralosrals
to crystellizs in patursl silicste maelis. Inssiouch as the clivine
pheacerysts ln oliving baselts aud related vrocks are belleved to be

of magoeatic origln, the composition of ollvine phencerysts 1s thought

St Ba ssnsitive to the nielt composition, pressures, aud tuwapsratare

prior to extrusion of woltea lava. The ghrase Vprior to wxtecuion'
is vwed la light of the theovetleal consldarations of Buwan (1923) who
luferred thut olivine crystuls of the phonocryst fraction wirs proseat
in estruaive rogks befores sstrasica, Bowen's evidsacs iz bLased
maainly on the sise of olivias pheuocrysts reletive Lo t’h& size of the
groundimass constitueats and the fact thet model olivine ia uennlly
yveore alundaat thaﬁ the ludicated amounts suggested by the novia ox
ealzulated vlivine cunlsat.

Macdemﬁi& (1944} studied the 1840 eraptlon of &iils«um and
attrivuted the differsnce o olivice phencoryst conteet, betwesse two
nsurly shmultanecus sraptions st diffevent alevations, to thy tappiag
of the upper sud lower portlons of the Kilsusun susgas column,
Lavae from the lower {.aaﬂiem of the Xilavesn wmagru column were
richer in phenccryst olivine, Mscdonsld concludas that oliviae

was more sbundant becavse it accummlated due to grevitatioazl
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differonttation. Macdonald offers the conclusion that the oliviue
phencevyst fraction represents intratelluric cyystallization.

The tentative findings of U. 5. Geological Burvey studies
. of the 1959 eruption bf&ilmeaihwe been reported in Sclence,
(December 18, 1959, Anenymous).

"Early this mouth Marata reported that a rough

correlation seems to exist between the olivine

conteant and the temparature of the erupted ma~

terial, The iron-magunesium sniueral olivine

apparently sinks xapidly in the magma so that a

strong flushing action from deep down Ls required

to bring it to the surface., It is during such per-

iods of stroag flow from depth that the highest

 temperatures can be expected, v

Olivine contilnsd in olivine banalts and related rocks is
not complicated by tha olivine-spinel transition at the Inferred
~temperaturas and pressures of basalt formation (Kingwood, 1958).

Naturally occurring olivinge shows an isomorphous eclid
solution between the endemembers forsterits and fayalite, The
composition of oliviae iu this {somorphous series is malaly » funce
tion of temperature (Bowen, 1928), Sahama and Torxgeson (1949)
have found this isomorphic series to be thermodynamically per- !
fect and without etructural strain. Yoder snd Sahama (1957) bave
concluded that forsterits and fayalite molecules usually make up
95 percent of most natural olivines. The seralning 5 perceut in

natural olivines is Ca0, Cr,04, Fe,Uy MnQ and NIO, according

to Poldexvaaxt (1§50). fl‘aphmiia. the mangan-clivine {s knowa to

w3l=




form an iwmorghms mlid'mluttm sorias with fayalite, but ia
rarely found in igneous rouka. &ccording to Iiankama and Sahama
(1949). The same is tma nf mfmtiwmte. (Cn. Mg):,x {3104}, glaucoe
qhmiw. {Ca, Mn), (‘Si(}‘).‘md lurwnim. (Pb, Zn)z (8104)..
~Although such sxtensive fsomorphism would seem to limit
5 j the determination of alivm wmpmmoa to nmlytluul chemical me-
B t!mda. R-yay dlﬁnction can i\zmuh a rapid means by which changes
io comyposition can be Mudlcd. Yadar amd Eahamu (1957) havs des-
~eribed a methmrd for the detarminutian of alwinﬁ compositicas which
follow thena specifications qu atoms pey formula; (p. 481)
' Si 0.97 - 1,03
X3 1.93 4 2,04
Mns 040,03
- 'Where X includes cations Mg, Fe, Mn ste. except Si.

Yoder and Sabama's method was nsed in the following in-

 wvestigation, Since ug chemical analyses are avatlable, the reported

values are of apparent mol vp‘iem:ant fursterite (Fo). .

In preparation ﬁ&r x-z;aj analyels the entire composnite chip
sample, and from 1/2 to 3/4 of a pound of the grab saraples {rom each
sarapling locality weee crashed, pulverized and sleved, After sisving,
the plus 70)- and minuz 149« ;xnierox‘x size fractions were discarded,
while the play 420- and plua 149« raicron fra#zimnu were retained,

Utilizing & binocular microscope and twuezsr, the plus 420-micron

T




‘siza fraction was used in hand picking the olivine phenocrysta for
subsequent x-ray analysis. Oaly enough alivﬁia was picked for one
| - mounting and as additlenal mut;rial. was nudgd it was plcked, Ap-
.. proximately 0.1 of a pound qi muurml was pmcuaed in the selec-
tion of between 100 and 200 olivh‘w and phenocryst fragments. It
" has been assumed that the errors {avolved in plcking olivine pheno-
crysts troml samples which ha,vé‘baen promanéd.in the above manner
. AYe non- ayamm&tic. as there is no method by which this could be
chacked; that is, the author pwformed all the picking. In consider-
ing poesible sourcea of error, wlective crushing of olivines of a
~ cartain cornposition hardly ssemed possible, and since individual
graundxnasu ollv!nmé are usuzlly less than 200-microns, even the
larger crywtals of the plus I149-micron alze fractivn should be use-
- able, However, it wan nai necessary to uae this sine fraction. 'Thu
' most important possible acurcae of error would be that latroduced by
pelactive picking. Ths author was constantly aware of this possibil-
ity while picking and was more inclined to include all quaationabh
phenocrysts and {ragments rather than exclude any, Even within
ons grab ‘mmple the coler of phenooryst olivine varied from pale
green to ollve green and individual crystals usually showed a red-
dlsh hrown iridescence. The mior can pmbabiy be regardad im a

function of nptical orieatation relative to viewing axis, whils the

|  i{ridescence ls belleved due to iddingeite alteration, Iddingsite and
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other possible mineral contaminants were of little consaquence
lqthm* than as diluentn, since the particularolivins reflection used
is widely separsted from those of the possible contaminiots. Cou»
.ta.minattan botween sémpiu waz minimized by earmiﬁlky cleining
the crusher, pulverizer and sieves betwsen aﬁa,;"npia rung.

Other methods bjr which olivine mﬂacﬁwa'may bes olitained

include: (1) uncovered thin=sactions (Yoder pud Sehasna, 1957h (2)

flzmly ground bulk rock; {3) the vonemagnetic fraction after mugnetic

separation; (4) the hoavy fraction of a heavy=madia separation; and
{5) a combination cf methode (3} and {4). Méﬁmd@ {2) through (5)
were investigatad by the suthor and method {2) wus found to be une-

. satisfactory becauge the raﬂemian of interest was not resclved well
enough for measuremsut, due to mase sbeoxpticn and dilutional
effects of the bulk material. A combinatlion of methods (3) and {4)
ylelded reflections of good resclution, but this method was nut wsed
bechuse olivine was found in both the magnetic aud non~tnagnetic
fractions and & selective sample error was possible, Therefore,
handepicking was ussd ln spite of the time inva}éad in separating
enough maimial fox xeray :irmlyﬁis. i‘h@ average pickiog time pex
saaple waw about 45 mionutes., Shaert 2 to 3 hour picking pexiods,
separated by less tedious work, was fourd less tirlng and more re-

warding than extended pwiédn of picking,.

0=
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Aftsr sach sample was plcked it was re-exsrmined for con-
tamination, then crushed in & éteal mortar aﬁa ‘pestla and ground in
an agate or porcelain mortar and pestle. In kesping with the method
described by Yodar and Sabama (1957, p. 477-478) ailicon powder
{eleve size, minus M-micmnés)v[wa‘s added in order that the olivine-
~ silicon ratio was approximately three to ona. The muixturs was then
| homegeaized by grinding until the color was uskform uod thea emptied
ontc a clean glase slide, A fw:' drops of & ciiluta solution of lacquer
in acetone were add;ed. and the wm;;"”{mmpla was atirred with a small
spatula to a thin fllm cdv&xing the i;mwa :..- rajr targst area on the
gluululidc. The mounted samples were exposed to Ni-filtered Cu
radiation, with & Norelco high-angle x-ray diffractometer. Rscords
were mude at 1 {nch per degree 20. The divergent and scatter slits
were 1°, recelving slit 0.003 inch, and the scan speed was 1/4° 20
per minute,  The x-ray apparatus was sst to oscillate hetwesn 280
a.n"c‘l. 33° (26) and for every sample at leaat four oscillations (two up-
28 aod two down-28) were measured for any one composition deter.
mination. The positlion of the ol’ivinz (130) reflection was abtained
by firut measuring the distance between the olivine (130) reflection
and the Bilican {111) reflection. This distance was then added to the
value of the silicon (111) reﬂectian glven by Ph'ilipa Laboratories,
28.449° for CuX«). Tha carreézted 29 value for the oliviue (130)was

then converted to the Bragg's m,pxmion equivalent in 3ngsstmm uaitse,

uélu




using conversion tables by the Nztional Bureau of Standards, The
interplanar spacing d(lm) was obtained to five places. The mol

percent forsterite (Fo) was then calculated nsing the formula of

Yoder and Sahama (1957, p. 485),

Folmol%) = 4233.91 - 1494,569 « 4(130)

{shown in figure 3)

" where mol percent is the notation of Yoder and Sahama‘and signi-

fies the molecular fraction a5 a perunuga. All meapuremaents on
the silicon and olivine reﬂcctmna were made above the two-thirds
height, in order to measure thq -C“K"l' cnntx;ibution of the reflection,
Measurements wers made to 0.005° (28) using a standard engineering
scale, |

The corrected 28 p@litiom for 20 samples, calculated

mol parcent forsterits (Fo), and the stnud#:d deviation for each

‘sample mean are presented in table 2. The significance of the

standard deviation is simply that two-thirds of tha values used in
calculation of the arithmetic mean fzll within +3 of the mean.
_Analysis of X-ray Data

" The puculon ei the x- ray detnmtmtion of nlivknq com=

poutmu ha.l bnn ntlmtud fzom 48 owmuionn on Wo mounts of

: aiwliu crysula pteknd fmm kimberlite tuff Irom Busll Park (A,uon

. e42-




 FIGURERY

Determination curve and formala after Yoder and Sahama, 1957,
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TABLE 2

Numbexs 1 through 13 indicate sample localities, and letters following

indicata sarnple position. Chip semples have no letisr dasignation:

T = top, M = middle, B = bottarn, VE = very bottom, S5 = gspheroidal

zone and «X sigeifien the donebéition obtained from a slngle glomerge

. porphyritie clot, Numerizal superscripts on sample means (ndicate

the followings |

1.

9

3.

The x~ray diffraction pattern showed split peaks, average
wag uged, |
Two monnts with four oscillations each, 79.8+4 1[8 and

75.740.8,

Two mounts with four oscillations each, 77. 3 +0.8 and

T5.T740.9,



' TABLE 2. - X-ray Determination on Parea Mesa Olivine Pherio,cxfysts

Sample No. L A o
" and Flow - | Corrected position of the olivine (130} |Average Mol% .
Position Sampled | using Si(111) of 28, 4400,29 for CuKu. Fo 1" S
1 QTb ¢ | 32.170 32,155 32,160 32,175 | 78.0 T 1.0
QTby !
1T QThb 32.160 32.150 32,145 32.155 | 76.6 T 0.8
C1T-X QTb 32,135 32,140 32,175 32,175 | 77.1 T 2.8
1M QTb; | 32.150 32.160 32,135 32.140 | 758 % 1.4
CIM-X QTb, | 32.175  32.175 32.170 -32.179
. 32,200 go.4 T 1.6
1B QTb, | 32.155 32.155 32.155 32,135 | 76.6 ¥ 1.6
2 QTb, | 32.190 32,190 32,205 32.195 | 82.0 % 0.9
2r | QTh, | 32.160 32.170 32.155 32.150 | 77.4 ¥ 1.)
2T-X | QTb;, | 32.155 32,155 32.180 32.185 | 78,7 % 2,0
2M QTb; | 32,130 32.150 32.150 32,170 | 76.3 ¥ 2.1
2B QTb, | 32,160 32,150 32.150 32.150 | 76.6 % 0.6
‘3, QTby | 32,150 32,160 32.145 32.140
32,140 - 32,135 S 75.7 T 1.1
3T QTb, | 32.155 32,160 32,170 32.170 | 78.1 % 1.0
3T-X QTb, | 32,170 32,150 32,150 32,150 | 77.0 % 1.3%
M QTbz | 32,160 32,175 32.175. 32,175 79.0 £ 1.0
3B QTb, 32,165 32.170 32,170 32,175 | 78.9 f o.5
4 QTb; 32,160 32,175 32,195 32,180 ,
32,145 32,150 32,145 32.135 | 77.7 % 2,52
4T QTb, | 32.140 32,155 32,160 32,165 | 77.0 L 1.3
4M QTb, | 32.130 .32.150 32,160 32,165 | 76.5 1 1.9
4B QTb, | 32.180 32,180 32,155 32.155
32,150 o~ 78.1 t 1.8




TABLE 2. (Cont.)

Sample No. : ’
and Flow | Corrected position of the olivine {130) |Average Mol %
Position Sampled | using Si (111) of 28, 440° 28 for CuK Fo t 8
5 QTb, | 32.170 32.145 32,205 32.190 | 79.8 1 3.2
5T 32,140 32,155 32,140 32,145
32,145 32,165 32,155 32,160 .
32-. 155 32-. 160 76.6 - lo 1
6 QTb, | 32.150 32.160 32,140 32.130 | 75.7 I 1.6
6T QTb, | 32.160 32,160 32,170 . 32.155
32,160 32,155 - 77.6 T 0.7
6M QTb, | 32,105 32.125 32,120 32.120
32,110 32.120 32,115 32,115 72.0 * 0.8
6B QTb, | 32,130 32,140 32.140 32,165
32,165 32.175 | 76,6t 2.4
6VB QTb, | 32,150 32,150 32,150 32.130 |
32,160 32,160 32,160 32.145 | 76.5 L 1.1
65 QTb, 32,150 32,135 32,160 32,140 75,8 T 1.3
7  QTb, | 32.160 32,160 32,130 32.155 | 76.5 o
7T QTb, | 32.170 32.165 32.145 32.140 | 76.9 L 1.9
™ QTb, | 32.140 32.155 32.155 32,160 | 76.7 T 1.1
7B QTb, | 32.140 32,145 32.150. 32,160 | 6.7 ¥ 1.5
32, 170 - .
8 QTb, | 32.155 32,190 32.190 32.175 | 79.8 L 2.1 |
8T QTb, | 32,140 32.150 32,160 32,145 | 76.2 ¥ 1.1
8M QTb, | 32,160 32.165 32,145 32.160 | 77.3 1 1.1
8B QTb, | 32.160 32,175 32.175 - 32.160
32,145 32,160 32,160 32,165 77.9 1 1,2
9 QTb, | 32.195 32.190 32.170 32.185 | 80.8 % 1.3
9T | QTh, | 32,170 32.170 32.185 32.190 | 80.0 % 1.3
9M QTb, | 32.140 32.150 32.150 32,160 | 76.3 ¥ 1.0




and Balk, 1954). Approximately 3 grams of the light green variety
of olivine were picked, crushed, ground and sieved. Cf the sieved

.matorial, only the minus-44 micron fraction was used in the two

mounts which were subsequeatly made, The mouuting technique | ;

used was the same 28 deascribed for the Parea Mesa basalt olivine,

and sflicon powder was used as an internal standard. The fizst

PO R T e sy e

mount was x-rayed, from 28° to 33% (26), 16 times duaring five
separate runs, The second mount was x-rayed 32 times during
seven seéparats runs, The results of theae individual composition

detorminations are listed in table 3, The grithmetic rmean of these

{
~ two mounts 18 %y ‘ ' , - ;
: ns"'ﬁ""'ﬁ‘ﬂimol%ﬁ‘m ;

&

where the "l sars thui compuuitlon d-tormlm\twn- of each 1ndiv£-

dual x- ra.y uacmation bntwun 29 md 33° Zﬂ. and n 1» the nnmbar
of mclllﬂinnn. The su.udard dwiation, 8, ln cbmmonly x'elorrod |
to as the "-tudenu" standard deviation and is applitabh in thu an- 4

;lysu oi umau nmplc popahtiona. | i

:QMH+22m¢1%Fm : ;
,ﬂwl . §

This velue {8 close to the value given by Yoder and Sghama (1957),

+2.45. The accuracy cannot be chocked because ouly eemi-quanti-
tative chemical data is avallable {or the major constituents of the

Buegll Park olivine, and 'n.f.x ahafnical data is available for the olivine

of the Parea Mesa basalt. However, the x-ray determined composition

whBa




TABLE 3. X-ray Determination of B‘uell Park Olivine

Mount No. Corrected Position of the olivine (130) using Average Mol
: Si(111) of 28,440° 26 for CuKo.| %Fo t S
1 32.295 32,270 32, 250 32,275
: 32,285 32.265 ' 32.270 32.290
32,275 32.275 . 32,270 - 32.270
32.275 32,250 32,295 32. 245 91.7% 1.9
2 32.275 32.255 - 32,275 32.290
32.310 32.255 32,280  32.290
32,290 32.305 32. 285 32,290
32,290 32,305 32,285  32.295
32,290 32.295 - 32.290 . 32,300
32.280 32.315 32,295 32,300
32.270 32,260 32.285 32, 305
32,245 32,265 32,285 32,310 93.4% 2,1
i and 2 All the above . i 92.9% 2.2

of the Buell Park olivine is in agreament with the optical detsrmination
“of composition by Sun and Balk (in Allen and Balk, 1954), Fo 91 to 9%
percent, Yoder and Sahum (1957) Mvc sstimated the accuracy of an
judividual observation to he +4 mol pn;bm ¥Fo near the purs and mch
.‘hcn. and 43 mol percent in the vicinity of 4 percest Fo. |
Split peaks of the olivine (130) were noted in several instances

{table 2) but no special sigaificance was sttached to these in the final
analysis, Split psaks may indicate the pressnce of more than cne com~

positional olivine phase, or a devistion in the instrumeatal reproducibility
'ﬂ‘?m




of peak shapes. The iavestigatlon of this unusual feature was not
pursusd since it is beyond the scops of this paper,

In several instances olivine and bytownite clots of the grab
earples were quite frisble and sasily picked from ths surrounding
groundmass. The samyples from which clots were avalyzed (table 2)
for olivine cnu:pi;sitimn wers similar In composition to that obtained
in the usual manner, with one exception, sample 1M-X. The deter-
mined composition for this sample was 5.6 mol ;semsnm'richar in
forsterite than sample 1M, This difference may or may not be signi-
ficant; however, no axQMnatiw is offered.

The resultant compositions of the Parea Mesa basalt Heted
in table 2 were firat scrutinized graphically, io order to examine the
observed variations in olivine composition with regard to sample
position and with respsct to the clivine composition of composite chip
samples. Figures 4 and 5 were constructed for this purpose and
particular reference will be restricted to ‘nmplm of flow Q’i‘bz. un-
leus otherwise specified. Ths results of analyses of ollvine from
sarmple localities 1 aud 2 are lncluded for eorﬁplutwms. After con-
sideration of figure 4, several points of interest can be noted, For
example: (1) 6 out of 11 of the top sample mesns are richer in Fo
than those from the bottom, 8 of 11 of the top emmple means ars richer
{n Fo than those from the middle, and 6 of 11 of the bottom sample

means are richer in Fo thaa the middie; (2) 19 out of 33 grab sample

"‘50"
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Fo's are richer in Fo than the comporite chip sample means for
correspoading sample locatione; and (3) only 17 out of 33, or 52
percent of the o values for grab sample means lle within the stane
dard devistion of their corrssponding composite chip sample means,
Figure 5 also yields information concerning the relative variations
of sample means, and, in addition, the arithmetic means of chip and
position means are glyen for Qsz. The pmﬁ; minug 4r xero nature
of the slops between hottom, middle, top and chip sanples for sam-
ple localities 3 through 13, or flow (ITb,, are shown in table 4, The
axithmetic means of the four samples ars differsat, with the mean of
the top being greater thaa the bottom and the botiom greater than the
middle. The arithmetic mean of the bottom, middle and top position
mesnd is 77.5 mol percent Fo, which is identical to the arithmetic

mean of all chip samples of QTb,.

TABLE 4, Slops Anslysis of Figure 3

3 4 5 6 7 8 9 10 11 12 13
Bottom - +r - + + + - - * -
Middle - + - + + - + 0 - -
Top = = % 0 = 4 * - - .
Chip T T T + 0 +

w5l




FIGORE %

Plot of émpyamﬁt maol parcent foretexite in Parea Mesa
basalt samples. The comporition obteined frowm th#
compasite chip sample locality Is repregentsd by a
_varticel line with the lined area corresponding to the
standard daviation. Circles and squaras d.m;ﬂt?s‘ the
velative stratigraphic pusitlén and apparent mél pare

¢cont Fo for the grab samples,
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Variation in apparent mol pareent Fo with resfgm:t to
gsomples {rom the bottom, top, middle, and composite
ehip. The chip and position avithrnetic maansg, sre
ghown for (VTh; and the sa.mple. means of OTHh | l(ssoli.gl

clrclag) and OTh (rolid sguare) are slso shown.
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From the random variations shown in table 5 and the rela-
thmly discordant trends shown in figures 4 and 5, it appurs that

thero is no ayatum&tic variation in ulivim phmocryst compmiuon

- with respect to position in tha ﬂaw on an individual umplc locallty

bauin. However, there may Le an over-all diﬂﬁrmcn in the arithe

. metic means of position samples. This possibility was luvestigated

in figure 6, which uhown thn diatrlbution of umpla means plotted

with regard to sample pouitinn. These di;zrihutwna appear to be

' normal about the arithmetic meuns ahown and the range is less than

‘ 13-. This deviation, +3s, :hnuld include 99 pﬁrccnn oi all samples

in a normal distribution {Hael, 1947). The arithmetic mean com-

position for each sample position is showan m‘tigarvn 4 and 6; figure

6 also slwwn the standard dévhtlun of each pctition mean. The stan-

dard dcvuuons iar sach position mean are; +0 9 for bottom, +2.0
for mlddln. 1.7 far tho top and 42,1 for the chipl. Thc standard

deviation for the 48 runs of ﬁnoll Park olivim wag +3.2 80 that the :

B utandard deviations Ior the poaitlon means u'c less than or cquul to
the lundard dcviatian uxpecud from a aluglc olivina composition,
, The obvious conclusion ll thnt thers ia no htonl nrutlon in the

. compositlon of phonocryat ollvlno.

What of the vntical varhtlan? Do the average compositions

obuinqd show sufficient nignlﬂcaut dlﬂorancn to conclude that thers

is vertical v;rlattou in compoutiaa? Ono muy obtuln soms idea of

 -54.
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the significance of these pusition means if the 34 grab samples are

i o AT FTR T AR IR

c¢omblned {nto one arithmetic mean and its standasxd deviation, i.e,
77.54 1.8 mol percent Fo. The arithmetic mosn is the same a5
that obtained for the chip mmpiﬂ mean and the standard deviation
is again less than the expected valus of precision for an individual

obesrvation. The conclusion is that ths poaition means represent

" "‘normul varialion in a ‘s.lngla olivine gomposition population and that

| there ie no significant dii,fa?ama in composltion, vaertlcally or hori-
zontally, in the QTb, flow of Parva Mesa basalt.
These ¢onclusions are amenable to cartain statisticul Lests
which will help detearmine their validity. Fbr the statiastical analysia
only the first four oscillations from the x~ray analysis ol each same
ple axe used, This is necezsary because all sample md&nu were not
determined using the same oumber of x-ray determinations of oli-
vine composition and therefore .m. mean compositions may have
besn unduly weighted, The compositions obtained for each of the
four oscillations for each sample are llsted in table 6. The figures
 listed give squal weight to each sample and allow statistical evalua- |
tlon of the position means and standard deviations, It is thought that
the standard deviation celculated in thia manner is more realistic
and ghould be a better indu to variation in the atithmc:ic, means of
each iumplo poiition. That is, if there is a _vnxiauon in elivine com~

position in a lateral sense, the standard deviations rsalized {rom the




FIGURE T

Histoprams of the apparent mol peicent Fo withlragard
to bottom, riddle, top, and chip and all of thesa for flow
ﬂ;&Thz plus the histagmm of all ramples from (3TH, The
erithmetic mean is denbted by a vertical arrow and the

standard deviation by the length of & horlgontal bar,
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TABLE 5. X-ray Compositions Obtained in the First Four Oscillations
for Statistical Analysis of Data
(in mol % Fo)

SAMPLE LOCATIONS

Grab Samples Sph idal .
.1e P Chip pheroida QOther, Description
Sty Bottom | Middle Top Zone
les from QTh,
77.0 76.3 79.5 Glomero-
77.0 "T17.6 ' 79.5 phenocryst
77.0 T4.4 o "78.9 from IM
74. 4 75.1 | ‘ 81.4 '
77. 6 73.8 77.6 81.4 | 77.0  Glomero-~
76.3 76.3 78.9 81.4 _ 77.0 phenocryst
76.3 76. 3 77.0 83.3 ' 80.1 from 27T
6.3 78.9 76.3 82.0 ‘ 80.8
ts. 76.5%1.0 [76. 1%1.7 [77.4%1. 1 {82. 0%0. 9 | 79.3%1.6
1S for all grab samples from QThy = 76.5 t1.4
les from QTbz)
78. 2 77.6 77.0 | 77.6 78.9  Glomero-
78.9 79.5 77.6 76.3 6.3 phenocryst
78.9 79.5 78.9 5.7 76.3 from 3T
79.5 75.5 18.9 75.7 76.3
80. 1 73.8 73.8 | 76.31
80.1 76.3 76.3 75.7
77.0 17.3 77.6 75.7
77.0 78.2 78.2 74.4
78.9 77.6 5. 11 78.9
78.9 77.6 77.0 75.7
78.9 80. 8 75.1 83.3
78.2 79.5 5.7 - 81.4
73.5 70.7 77.6 75. 1 76.3 76.3  Additional
75.1 73.1 77.6 73.8 74. 4 77.6  sample from
75. 1 72.5 78.9 76.8 77.6 74.4 very bottom.
78.2 72.5 77.0 77.8 75.1 5.1 (Included in
bottom posi-
tion mean)

BT {(Continued)




LE 5.

{Continued)
SAMPLE LOCATIONS
le ”uf%fgb_ﬁpgpplgﬁ "cﬁgr Spheroidal
ity Bottom Middle Top P Zome Other, Description
78.9 75.1 75.1 77.6
77.6 77.0 78.9 71.6
76.3 77.0 78.9 73.8
75.1 77.6 78.9 17,0
77.6 77.6 75.1 77.0
79.5 78.2 76.3 81.4
79.5 75.7 77.6 81.4
77.6 7.6 75.17 79.5
77.0 75. 1 78.9 82.0
77.0 76.3 78.9 81.4
78.2 6.3 80.8 . 78.9
78.2 77.6 81.4 80.8
76.3 75.1 79.5 T5.7 76.3
77.0 77.0 80.8 76.3 77.6
77.6 79.5 81.4 78,7 77. 6
78, 80.8 81.4 71.9 73.8
79.5 76.3 78. 9 75.1 73.8
77. 3 78.2 80.1 76.3 75.1
7.4 78.9 81.4 0O 76.3
75,1 78.9 81.4 76,3 77.6
77.0 74. 4 78.9 75.1
78.2 5.1 78. 2 77.0
78.9 78.9 80.8 77.6
80. 8 80.1 80. 2 78.5
75.7 73.8 15.7 - 73.8 71,9
74.4 75.1 76. 3 80.8 75.1
76.3 75.7 76.7 79.5 77.6
76.3 76.3 77.0 79.5 73.1
ts 77.5%1.7 76.8%2.3 78.1%2.0 77.6%2.8 75.6¥1.8  Not
' calculated

fs
ts

(Position means for first four oscillations of each sample)

77.6%0.9 76.8%2. 0 78.2%1.7 77.5%2.1 75.5%1.0
(Position means from the sample means of Table 2}

for all grab samples using first four oscillations 77. stz.0
for all grab samples using sample means 77.5%1. 8

wiBw




ABLE 5. ({Continued)
Qther Areas Sampled
Zuni Little
mple Sample Sample Salt Black Cerro
cality number QTb |number Lake Peak Carrizozo | Verde
ilculated IT 77.6 SLi-1 83.9 78.2 79.5 76.3
ymposition 76.3 85.1 78.9 78.2 76.3
r each 75.7 82,0 77.6 75.7 73.1
scillation 77.0 . 82,0 | 78.2 77.0 75.1
o ITX 74. 4 SL-2 82.7 ’ ‘
75.1 81.4
79.5 82.0
79.5 80.1
SL-3 79.5
78.9
86.3
87.3
M. s 77.1%2. 8 82.612.6|7a4%02 | 77.6%1.7 [752%15

Denotes that first four oscillations were obtainedb from the second mount
of this material.
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FIGURER T4

The frequency distrlbations of the firgt four oselllations
for the position means of (GTh, and the chip mean, The
vertical arvow indicatar the srithmetic means of these
digtributlons and the horirountal line indicates the standard

" deviaticon.
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first four oscillations (per sample) should be greater than that ex-
pected f;;r one composition population, probably +3.0 or greater,
At the same time the position means obtained from the first four
oscillations (per sample) should not deviate gxhtly from the poa-
ition means obtained from sample means of table 2, shown in fig~
ures 5 and 6, which are hawd.an-four te ten osclllations pir sample,
'In addition, thu. distribution of éompoamom Abaut each of the poasition
means should be normal, 1.e. similar to the distribution shown in
figure 6, The comparisen of pbﬁition mema{u shown lo table 5, The
distributions of compositions which comprise the population of valuea
{rom which these means were obtained are shown in figures 6 and 7.

The position means, ‘shown in table 5, for the QTb, flow of
,Pnria Mosa basalt are very similar to the position means obtalned
from the sample means of table 2. These means correspond to with-
in # 0.1 mol parcent o, From this it is concluded thit more than
four oscillations are probably not warranted in the datermination of
sample m.éana. However, for the determination of any one sampla
mean ten oscillations are better than four. The davlation using a
lesser number of oscillations orx deurminatioxiu has not been in-
vestigated, -

The standard deviation obtained £r§m the first four oscil~
" lations withom‘ualng the calculated sample mur'tvai each sample is .

greater than when the standard deviation was calculated using sample

whle




FIGURE B8 v

The frequency distribution of the olivine compositions

as determined from the {firat four oscillations fmf all
bottom, middle, top and chip samples of Q‘l‘ha.‘ Vare«

tical arrow indicates the arithmetic mean and the horie

‘montal bar indicates the standard deviation.
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means, table 2. But, in spite of thia increase in standard deviation

 the yesuliant value is similar to or less thas the expected deviation

for single obsarvation (+t2.2 mol percent Fo). Caly the standard de-

viations of the chip and middle means are grnm than the expected

wvalus, and even then the -diifnmm is slight. It can be concluded
therefore that the latezsl variations in the Pn;nf Measa basalt flow
QTb, are within the expected ',vilun of precision for ons composition
~ population for the chip, battam."vmlddh. and iop sample positions,
This conclusion is furthox au{abuﬂed by the normal distributions of
¢ompositions shown in flgure 8. |

The fact that the pouiilon means are diffsrent still leaves
the possibility of vertical vu‘luzion to be gonsidered, The first test
. oflthia varintion is obtalned by c_alenlatiug a grab sample mean of the
firet four oscillations for all ‘bottom, &xiddlo and top grab samples
{table 5). The mean ebtained is the same an 4that calculated using
sample means of table 2, and is very close to the chip mean obtained
from both methods, Probably of more ulgMIic@cc ia the fact that the
standard deviation of the grab sample mean obtained {rom the first
four oscillations of all bottom, middle #nd top grab samples of OQTb,
is less than the expected valus of one composition populatioa. By
the sams token the distribution of all grab and chip samples is normal,
as showa in figure 8, and the ptandard deviation is the same a3 the

 expected value for one cornpoaition population, Agaln this strongly sug-
gests that there is but one gcomposition popuuuén of olivine in the Parea

Mesa flow of QTBZ.
w3



The theorems of statistics can damtmim whether the posl-
tlon means of Cz'rhz beloag to the same statistical pbpuia.tton or
‘ whttharkvthny rapre'unf. different sample populations.. The methods
used horein are commonly refsrred ta as the F-test and the t~test
(Hoel, 1947). The F-test is used to test t_hu\)niam:u (i.e., vari-
ance qualn nz) of tw§ umpi# iwpuhtlona. Tﬁe t-teut is utilised
10 test the equivalence of the mean valuss of two éampla populations.
A necessary and sufficient condition for the application of the t-teat
is a noanslgnificant F-test. For sample populations the value of F

can be calculated by the following formula (Hoel, 1947)
B a‘z/n, -1
F o % xi X
-1
Byty Iy

whers n, and By are the number of individuals in each group and
.xa and sYz are the respsctive variances. A null hypothesis 1s
pdstuhtod v}han the F-test is used, and proof of the hypothesis ia
realised by a nonsignificant F-test, When the calculated ¥ in less
than the tabulated value, for the same dogree of freedom {found in
tables of any standard gtatistics ‘taxt;‘ Hoel, 11'94?) , the F«tast 1s
nonsignificant, The deg-es of {freedom {8 Xu;nnd from the number of
{ndividuals in each groupi u:;h mean then has a degrese of freedom
.aquul to its numerical size, | |

In relatively small sumbers of samples, the Student's

t-test (Hoel, 1947) is ased to test the equality of n.mph means,

- 64-
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A null hypot.‘heels is also pustulated in application of the t-test and

proof of the hypothesis is a uunaigﬁiiimnt t-test at the closed con-

iidence level and same degres of freadom as that listed in a standard

. statlstics text, (Heel, 194;":’). Hero ngain a ﬁbﬁaigniiicant test is indi-

cated by & calculated value which is less tha:‘; the 11“@:1 table valua.
A nan&lgniﬁcalut t-test suggests that the car:xbaxcd sample means
belong to the same ssmples population while a slgnificant t-test
indlgates that the sample means are of difﬁez:ént populations,

In order that the I'~-test and the t-test be valid it must be
assumed, or otherwiae inferred, that the distribution of position
gsample means is noraal and that the aampl& population, from which
the positions means were obtained, is rapreéent&tiw. Fosition means
refer to the arithiuetic means of the bottom » middle, top and chilp
gsample means, and sample means refers to .me population from which
th-e position means were ahtaiﬁed. That is, “c_‘mc;h gsample bas an

arithmetic mean, as lsted in table 2, based on four to ten osclilations,

" The distribution of sample means i3 veprasented by the histograms of

figure 6, The distributions showa have noriual to bitmodal tendencies,
while the distributions of figuxe & appear to be all wailniodal and normal,

The bimodal tendency of figuse 6 may be reflected by the small pumber



of sample means ﬁimd in the histograms of ths position frequencies,
while thon of figure & ave based on four times as many compoaition
detevminations. The :‘E‘mt that &11 distributions have ranges less than
% 35, where s i# the expectad value of one aorrmal population, suggest
that the distributions of flgures 6-8 are namﬁ#l. Figare 9 shows the
distxibution of the individual composition detarminations used in cal-
culating the rwan for two mounts of the ﬁuni&\lﬁ’ark olivine. Both diw.
tributions appaar to bs normal and the comblaation of both mounts
yialds (figure 10) a atandard devlation thltszh,,tt lsaa than that given

by Yoderx and Sahama (1951) for the pracuam‘;p{ one individual detexr-
wination, so thers 1s good reason to Infer the esquivalance of the means
obtelned from thewe two mounts. It Is belisved that if any differences
did exint between thess two mounts s the standard deviation of the entive
population would ba greater than the value of Yoder and Sahama (1957,
2.45 mol percent Fol,

The problem of oblainlng a representative sample is, and
probably always will ba, subject to question until more samples are
avallable, but for statistical considerations 11 samples will be assumed
1o be sufficient for the testing of position pmpﬁlatiom.. Table 6 lists
the results of the statistical analysis caxried out at the 90 percent
confidence level,

In any statistical analyais of this type the cholce of confidence

level is always a problem. This problem arlses hecause o very high

~ 66 -



confidence lovel only distinguizhes between éxtrémn diffexrences,
while 8t low conflidence levels lnaignificant dilffummma will be
indicated as significant. For example, at SM confidence lavel of
99 percent the teat will snly be in error | pq;'cunt of the time.
And at a confidence lovel of 50 pertwnt the ramlt will be in error
'50 mrcmut of the timo. In the ‘atatistical nmlyuh of plivine pheno~
cryat cmmponition. it ll lmped that a canﬂdcnca Yeval of 90 parxcent
will ba applicable fur the distinction of nlmthr and dissimilar data,

The means used ln table 6 were abtainad from tables 3 and
5 for tha Buell Park ollvim snd those of the Paren Mesga, respec-
tively. The statistical analysls of Buell Pa.rk olivine reveals that
both mounts have means which axe mamberz;of' the sae composition
;mpuluﬁon. Therefors the author feels juatiﬁad ln using the standard
deviatlon of ¥ 2.2, after wmmeratmn of all. oscillations of both mounts
an oue cmﬁpuaition population, | -

In the n.:mWEM of QTh, of the Parea Mesa Lasalt the chip
mean was found to belong to.the pame campos!ticm population as all
the grab sample means, In addition, .tha pﬂ#ﬁinn means of all grab
sawmples weres compared witli each other and hm poapulation difference
was: apparant between them,

However, w}mn the sample mean af mamzalaa from spheromal
sones are compared with the other means of QTbE samples, at least
some disslmilaritivs are found, Tha paﬂiw;x menn of the top of
0Th, and the grab sample mean of {3 Tb, uhz’.;ﬁr sigatlicant differences

s o R T
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FIGURE 9

Iilustrates the histograms of two mounts of olivine plcked
from » kimbsriite tuff from Buell Park {(Allen and Balk, 1954).
YVariical arrow indicates the arithmetic mean and the horizontal

bar indlcates the standard ﬁwimtiau;
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FIGURE 10

The frﬁmuncy distribution of all firut and second mount

| mcuutiam which were used in calcuhting tha cumpasttian
ct' Buell Park allvim. Arrow indicates the aritbmctlta mean
'R)f these mcuutlum md the horizontal bar ind{catet the

standard doviation of the distribution.
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with the sample moean of spheroldal zung miﬁ;m;. In addition, the
“dummnce betwoen t&a other samplo means ‘biec_omeu significant at
siighny lower conildence lovals of &9 pame#t for tha chip mean,

32 perccnt for the bottom mean, and 59 mmﬁnt for t,he middle mesn,
The spheroidal zona meam. thus appears to bs different from the grab
sample mean, the chip mean and the top am! bottﬁm position means;
while it 1s similar to the middle position mmn. This confirms the
corrolation betwean those two sample amaa.n fax a9 hand specimen
appearance is concerped. Likewise, In thin;umtie:m the alteration
botween these two sreas la similar,

Two objections to the corrslation u( these two sampling
positions may be ralaed: first » the middle 152_)“%@& means may Le
lowered by the inclusion of samples from mﬁtnl spharoldal rones
which were not expressecd on the cuterop surface; and secondly, the
spharoidal zones may not be adequately aamg}lud to define the mean,
Ii it is assuned that these objeciions are unﬁmrauwd then one might
be able to correlato mean olivine phnmcrys{, compusitions with the
intorsity ef slteration. That lw, the most lni&nm to lanst intenes
altsration would be; spheveidal zonas, miédi# positions, bottom
positions and top positions, 'l"ha wmputitm# of the olivine pheno-
sryat fract(oﬁ seoms t decrsase in Fo eam&m whih immaw In
alteration. This mtght be explalned by more xnpld slteration of

foxstarite rich phenocrysts oxr xonss in plwmmyau. In addition

.10 -



'ABLE 6. Statistical Comparison of Data at the 90 Percent Confidence Level
{Considering the Right-Tail Only)

ption of Number of Number of Mol % Fo

tples Samples Oscillations Amis! F-test t-test
Jark (1) . 16 91.7%1. 9

2 {2) 32 93.4%2.1 Nonsignificant | Nonsignificant
Mesa

tion

as of

2

\ip 11 44 77.6%2.8

ttom . 12 48 77.5%1. 7 " 0
1ip 11 44 77.6%2.8

.ddle 11 44 76.8%2.3 " "
ip 11 44 77.6%2.8

p 11 44 78.1t2. 0 n "
sttom 12 48 77.5%t 1.7

iddle 11 44 76.8% 2.3 " "
ttom 12 48 77.5%1.7

p 11 44 78.1%2. 0 " i
ddle 11 44 76.812. 3

P 11 | 44 78.1%2. 0 " "
7.2 4 16 75.6%1. 8

ip 11 44 77.612.8 r n

. Z, 4 16 75.6%1.8

‘ttom 12 48 77.5%1.7 . . .

. Z. 4 16 75.6%1.8

iddle 11 44 76.8%2.3 H "
.z, 4 16 75.6%1.8

'p 11 44 78.1%2. 0 " Significant

{Continued)
- 71 -




ABLE 6. {(Continued)
wtion of Number of Number of Mol % Fo
oles Samples Oscillations AMts! F«test t-test
5. M, 3 34 136 77.5%2. 0
z 4 16 75 6t1.8 Nonsignificant Significant
ison of
ith other
fesa flow
3.8.M 34 136 77.5%2. 0
3.8. M 5 20 76.5%1. 4 " Nonsignificant
3.5. M. 34 136 77.5%2,0
3. 5. M. 1 4 76.6%0. 8 t n
ison of
th sam-
m other
s
3. 5. M. 34 136 77.5%2.0 _
Lutte 1 4 78.4%0,2 Significant s e oonea)
3.8, M. 34 136 77.5%t2. 0
z0zo 1 4 77.6%1.7 Nonsignificant | Nonsignificant
1. 8. M. 34 136 77.5%2,0
Verde 1 4 75.2%t1.5 " "
1. S, M. 34 136 77.5%2. 0
lalt Lake 3 12 82.6%2.6 " Significant

‘ i'S is the arithmetic mean and standard deviation.

% signified those samples from known spheroidal zones.
M. is the grab sample mean.
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the intensity of mltémt&m may be an index to the degree of retention
 of deuterie solutions, that is, vetention of deuteric solutions appears
to have been at & maxbmwm for spheroldal sones, Howaver, it
cannot be concluded that this ia the entire cxﬁxamtim for the pheno~
rmenon. The incluslon of, and reaction with, autolithic material
may al2o be aftmtiw since thia material ay contaln olivines of
slightly different forsterite content, both mechaniems are probable.

Variation of olivine phencecryet composition between {lowe
was not thoroughly investigated in this studyi however, some
samples were obtained from flow QTd, and t!w Lottom flow of
QTh of the Parea Masa sequence, ';rha comparison of :&waa‘ samplea
with QTb, (s shown in table 6. There does not appesy to be any
significant difference bstween the maans of these samples. Thus,
there iﬁ no chvlous varistion in the composition of olivine phenocrysts
in &1l the flows of the Parea Mess hasalt which have baen sampled;
howavar, more data ls required to substantiate this conclusion.

mficrancéa. in composition of olivine phenogrysts in olivine
bawalt from other areas have been recognixed and are tabulated in
table 6.

The ssraple from ﬂllaak Butte was obtalnsd fmni the
approximate crest of the butte ons mile south of U, 5, Highway 60,
about eight miles east of Bernardo, New Maxico, The sample from

the Cerro Verde flow is from the northeastern portion of the Maesa

.73 .




del Ore quadrangle of Socorro and Valencia cauntlu, which has
been mapped and d«aacrib«ad by Jtchn (1948); the sample position
In the flow Is unknown. The sample from the Cnrrimm flow was
obtalned from the north sids of a road eut along U, 8, highway
380 withig the flow, The three samples from the Zuni Salt Lake
area (Darton, 1905) were collected from: th“"e‘inmriar of the
western cone » on the @aut@rn side and roughly ten fest above the
water line; the approximate crest of the eastern cona; and from
the approximate center of A possible cone batween these two cones,
which has been lnvaled for the purpose of making & dam. Zunf
Salt Lake is ia the horth-central portion of the Canon Largo quad-
nngln. which has been mapped by Willard and Weber (1958).
These acattered localities were not sampled in detail, but
the comparlson of composition means suggest that olivines from
the Carrizpzo flow and the Corro Verde ﬂnw'b.olmg to the same
composition population &8 flow QTb, of Paré__# Mesa. The phem:cryatl
elivine composition of the Zuni Salt Lake RTEA Rappears to ba of a
different population, and the composition of éle Phenocryste of
the Black Butte area cannot be compared bcqiu}ug of a significant
¥-test, This comparisen is speculative, due to the nature of the
#ampling and other properties may be used to differeatiate these

flows, but there does appear to be pome variation in the olivine

- T4 -



phenocryst cormposition from flow to flow, Therefors the use of
phenccryst composition may be & valuable aid in subsequent petro«
graphic studies of olivine-bearing basalta, 1& ia not proposed that
the olivine phenocryst compesition of olivine-bearing basaits be

uied a8 the sole property for distinguishing or correlating, but as

& supplement to other petrograpbic data,

In general, lava flows may stlll ublbit compogitional
variatlons {n ollvine in & vertical aund latersl senss, regardless
of the results of this study, but careful aamynng should readily
delineats the changes. The most representative sample of a flow,
where vertical exposures gre present, is zha‘ chip sample method,
However, la some localities bottom, middle and top samples should
be taken in order to obtain an {dea of the posaible vertical variations,
H the standard deviation calculated from such grab sernples is less
than the expected value of precision of an individual observation
then the vertical variation is probably inslgnificant. Sabssguent
grab samples obtalned from the same flow should be collected with
regard to sample pasition in f;ha flow, and nx#y bz used for invastls
gattian cf lateral varistions in the flow, Four samples need not be
taken at every sampliag locallty, For example, If the {ovestigation is
restricted malaly to top samuples the avarage aud staudard devlation

pf these could furnish &n lodex to the lateral variation in this plane

.




~ of the flow., I a series of vertical grab samples could be obtalned
for sevoral sample Jogalities one would have an idea of the vertical
variation irnm_t‘.ap to bottom, Statistical compearisons could then be
drawn batww:;#‘mpu 'pmmgna for an indication of the lateral
variation in at%wr planes of the flow. Other !eaturu of » flow, such
A8 alteration sones and wenoliths, might alse be examined using

similar techniques.
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SUMMARY

- The author mapped a portion of m;iu Mensa and axamined
 sevaral of the basalt flows found thereon. Rgﬁttamhigau betwesn
tha und&rlytng beds of volcanic igdimemn Mthn Parea Masa ha-
: ﬁm flowe Q'x‘bl and cz'rbz were imaatigatwd.

- Approximately 15,000 feet of expasursa of Parea Mesa
flows QTby, GTb,, and QTb were mmplad.'” Flow QTh, was sam-~
pled mﬁnt intensively in arder to study the ﬁ#:u!.bla vertical and
lateral variations lu physical properties mﬁ'}hamcryat olivine
composition in » single mw’..

 The composition of nuﬂm phanacrytu was determined
_utilising the method and determinative wr% at Yoder snd Sghama
(1957) far natural olivines, Complete cmmmn analynss of the
oliving samples were not wmilahla but the nppamm campositions
of olivine phenocryets shows {nsigalficant vnxinum betwean dif-
~ {erent localities and positions in the Parsa MMA basalt flowe;
" spheroldal xones are possible ﬁxcepﬂeu m}'.il;in gonsxalization,
Btatistionl -qupaxita#n made between yhnnééﬁnt ollvine compo~ -
sitlons from spheroidal zones in QTby, fxm:;;’jt‘m other flows of
Parea Mesp and from olivice basalt flows {igém seattered Mamm
in other parts of emtrul and western New bﬁkmm indicate sigalfl~
cant differences in some cases, The slmilm mqa and differences

should be an aid {n the atudy of nltvtne»bearmg basalta.

~ 1T -



CONCLUSIONS

Flows QTb, and QTh, are conformable to & possible basin
(Parer Meoa basin) formed in the underlylng beds of volcanic sedf-
ment in the muthwuatém pertion of the flald. krm‘ In the northern
am! eastern portions of the fleld area the stmmm of the undnr).ylng
bede is asoentially horizontal or dips gantly antmrd. The {ield
relationships of the flow Q'Crbl and QTh, 1.ndimw that QThy is
essentlally confined to the southern part of t.'m postulated Pama
Mess basin, while flow QTb; has npparamyhllcd the northern part
of the basin nﬁd @xtmddd out onte a horlxontal surface to the north
and esst. Subsequent flows (RTb and Q'.rb,)'iiwo been extruded from
the southarn portion of the fleld area In the wtctmty of Parea Mesa,
but theee flows do not show a co~extensive dawlapmnt with Q'rba.
Wrixht (1946) proposad a late Plocene age tar Pures Mesa basalt
and bollaves the area has boen exhumed. scattwed pebbles and
gravel laron overlylng QTh, are belleved to be relicts from a
veneer over erght‘- (1%6) Segundo Alte mrfmm

- The laboratory investigation of samples abt#imd from

Parea Mana basalt flow QTb, reveal several variations with regard
to kampling position.,

Tha gmu hand specimen color vurlu from the batmm.
mmm and top ot the flow. Eottom hand lpm!m@m axe dark gray

to black, mlddle hand spsciraons are dark-bluish to greenlsh-gray
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and top hand awcﬁmwzm are Ught gray to lght brownlsh gray, The
gross color of hand specimena from these varlous positions i
belleved to be dus to the extent and type of &lt«watiﬂn.

Altsration in the va bottom porttam of the flow ylelded
a gmundmaa.a of black, opaque crystallites lnferred to be iron-xich,
This aiterstion is balleved to be principally ?ﬁxm to & combination of |
A @utarhz solutions and contamination of muda, goses and possible
fluids, from the underlying sediments, k |

Alteration In tha middle portion of t!:m flow ylslded & dark
groen structurcloss product, an olive green fihruuu to microcrystal~
Mas product, and 8 light greon fibrous miarmryamum product.
- The dark green matorial was taum! in areas at most intense alteration
whers it commenly forms pseudomorphs uﬁ;‘f"blivm. The olive
green alteration product iarmu from ollvine m groundmass plaglo~
clase, The light green altcrattm product xma Intarstices bstween
groundmass plagloclase, Minvralogically all thess green alterstion
pmdun‘ta appear similar to amectite~chlorite deseribod by Wilshire
(1988), The color changs of alteration prﬂd!;cts from grees to red
in thought to indicate & changs in mlnmul»gﬁ- smactite~chlorite to
 goothite, and thereby bocaming lddingeite. This same phenomencn
hes bosn ebserved by Wilshire (1958). ’

Sphoroldal cenuw mpxémut locaies of lutense siteratlon of

the grean type. Where such sones are closely associsted with frace
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* tures, the frmturu' my ‘ahow no relation wtha ¢olor changes
o ‘.1*“ the altaud sones , Thn present ntudy hu :mt ;ttomptod a
: lalutlém of the origin of the ap.hweidal mnmt.

'x‘he ;ltnrmton in the uppar paruon of Q’rb ia much le 88

s ._,inunm and ia esnentlally restricted to md«stsh iddiug-m uftar

‘-‘.ﬂlwlm, and m.lcm after plnstoelns fﬁmupuru.

T!u umcn and nature of »xmnm which has yl«lded thu
complm nzgugution of altcnﬂox; products lu thcmghtto be late~
stage dﬁlﬂl’l& solutions with minoz aubuqumt changes dues to
| Wuthnrlug. Ths dnuued nxplamtion of wnvtronmmt snd mlmulagy

‘Me bcyend the scope of this atudy. \
. The uhapn, slze md vammn pucumge of vesicles in Q'rbz -
R 'vwm with pmitian lxz the ﬂow, as does tb,g minanlcsgy of the |
| mygdum. 'm xnla.tlvc amount of vuumlattou is greatsst at the
: bomm. lﬂm M tho wp and um in the mmdh p«artiom of the flow.
. 'l‘h& wnicln Are flat ta qmptiml at the top a;hd bottom of the flow,
,Whih thon in the middla portion are unmny upheﬂcal Bottom
- watmln are irngullr in outline with very rmaah {nterlors which
| “:‘,ﬂt bright md,;md. purtmuy* filled with calcm:., Top veslcles are
- bounded. by u";#lattve‘ly-smwth interior. The top amygdules contaln
-“t:lur' to rallky caleite. The amygdules of the middle pﬂ:tion of the
;'.:f,'tlow are caleite with varying proportions of imnwbomrlng montmerils
\' ;""{ ionlt&. |
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e  The modes from various positlonu wi,th Q’.t‘ba are bellaved

toe ba uunttnuy the amm emly the inumlty md typo of alteyation
in Writbla. e L

| Mo myatcmatlc ditfarenms were fc«nd bwtwm the sample

' mmms m‘ onﬂm phuaacryat compoaltionn fmm warwua sample post-

_, ':‘ tﬂm m ﬂaw Q‘sz. Pmman mmma P calcul&tw frm the first four |
xwmy metnatinm ' dcﬂm u. mm whith dmu mt deviate grnﬂy from

"thq pasition mean calculated from sample mwna, where gample means

= &N based on four to ten x-x;aj} vsclllations .' 'X‘ha position means for

the mm , "middla and top of flow OTh, ﬁ,r'e‘f‘?"?-;s"‘ 2.3and 78.1% 2.0

. mol pnrcam‘. 1"9, reapacﬂvaly. und the compmito ch!p sample mean

s 77 6 2.8, The arithmetlc mean of four umplw ubmimd from
aphamtdul wones !n QTbg- is 15- 6% 1.8 mol pawmt Fo. Ata confle
dam:c level of 90 percent the chlp sample meaxx am! all position means
npp«sar to belong to the uamu compauitian pmmlatlnn. The composition
_pqpulatian which is belleved to bs most mprwantatim for the Pares
o "Mom ‘C}‘rha basalt flow 1# thai defined by the .f‘#r_lthm_at;h‘: mean of all
grab samples, 77.5 t 2.0, 'm:é difference Bﬂgmnu this yalue and
| that of the chip mean is very small and the number of samples used
to da.ﬂm’ it is gi-eatar. At 5'90 pgrtant copfidence level there is a

| ﬁi-gniflcaat differsnce between the arlthmati_c;l'mqan of the four grab
 samples obtained from spheroidal zones in QTha and both the grab

sample mean of QTby and the top position mean of QTh,. At slightly

Bl .




_l;ower_, confldence levels of 89 and 82 percan{, the bottom position
b ‘mean and ths chip mean also exhibit signiﬁc'#nt differences from

a spheroldal sone aampl@. On the ,othﬁ- ,ha,ug!, the middla poaition
meap. l;s) aimlln to the spharoidal zone mmx; M‘ 31l confidence levels
‘ ;greater than 59 pereent. - .. 0

. The “iﬁténiizy of alteration and thé} :cc'»mpoumon ét the
ouviné yhmmryst fraction appear to be ‘rsla'?e?d. Aroas af _ltav)ar

Fo content aré areas of raore intense alteration. The Fo content
of phenocryst olivine Js greatest in the tep ﬁéaiﬁmn zﬁ:xean. less In
the bottom position mean, lesser in the middle position mean, and
least in the mean defined by spheroidal zone samples. The intensity
of alteration Is laversely pmpo#tiohal ainca:;lt‘-iﬁ greatest in spheyoidal
zones and least in the top of ti_m ﬂéw._ Decr%aaa in Fo content with
intenslty of alteration s thought fo be due to j;,mom netive alteration
of farétqriw ¥lch areas of phenocrysts by degtnaric golutions which
are rﬂained in the géntxal and spharoidal p##‘t!ons of the flow.

Grab samples from other basalt flows of the Parea Mesa,

although not sampled extensively, do not differ significantly ia
- phenocryat olivine composition from flow Q’fb'z. However, a limited
number of samnples from other localities ln the state of New Mexico
suggest that the olivine of the phenocryst frﬂ:‘ﬁon may vary from

one olivina-bearing basalt to another.

_ Datormination of olivine phenccryst compositions in

olivine-bearing basalts may be of ansistance in the imdy of this

- 8% -




¥ ‘,‘,bamlt ia innlgnificant.

‘.‘j,rmck typc, the lack of vnriatmn in the compmltlon af this mineral
‘,f Ina qinglo flow may be of petrelagu: vahm.\ It mey be that thicker
:“nx mom gxtenelve flows show var&ation in tlm olivine phenocryst

B “ »compmitian in a lateral and /or a vertical unne N 4 t}m atudy of
one flow can be used an an lndex for. almil&x flows of the aama
| gamral modal compmltion und minkmu i me variation in compo~

o ':itioml of olivine phﬁnucrystﬂ of reigttvaly thin flows of olivine
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