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l. ABSTRACT 
The crystal habir and opcical orien tarion of 

many feldspars combine to provide a con
venient means for determining shape orien
tation from optical data. Results from phorn
rnctric dererminarions of five different units 
show that ir is possible rn deduce, within 
narrow limits, major fl ow patterns produc
ing p lanar orientacion in certa in fine-grained 
igneous rocks. Ir may be possible ro derer
mi ne the direcrion of flow from such a 
technique. 

II. INTRODUCTIO N 

Feldspars are commonly rabular enabling 
them ro align wirh rhe flow in a fluid mag
ma. The oprical orienrntion , being fixed for 
a given composition, re fl ects this align1r1enr 
and may be detected by rhe procedure de:-

EDITOHJAL COMMITTEE FOR THIS PAPEH : 

scribed in this paper. Balk ( 1937, p. iii) 
has indicated rhe tendency of feldspar pheno
crysrs to show a platy parallelism. Also, 
Waters ( 1960, p. 365) has reported a paral
le li sm of rhe (010) plane of micropheno
crysrs of plagioclase with the base of some 
flows of Columbia River basalt in rhc zone 
near rhe base. In an igneous rock, therefore, 
in which there is preferred orienrarion of 
rhe rabular feldspars rhey appear oprically 
in agreement when viewed parallel rn rhc 
direcrion of planar orientation. 

A strong preferred orienrarion of such 
grains in chin section can be detected by eye 
under crossed nicols with the aid of rhe 
gypsum plate. A weak orientation may be 
derecced by a phocomerer technique, which 
has been used for stud}'ing quarrz fabrics 
(Mart inez, 1958) This ff1crhod involves 
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measuring by means of a photometer rhe 
Yariation in rhe intensity of light with a 
wavt length dominantly of 750 millimicrons 
passed through a standard thin section on 
the scage of a petrographic microscope with 
a gypsum place inserted and nicols crossed 
during a )60 rormion of rht srnge. Maxi
mum inrensiry of !ighr occurs when rhc trend 
of rhe directions of vibration of rhc fast rays 
lies parallel with rhc slow direction of vibra
tion of light in the gypsum plate. 

The 111(.:(hod described here functions for 
albire, oligoclasc:, andesine and labradorire. 
Z is not normal ro ( 0 I 0) buc is more nearly 
so rhan parallel with it in these plagioclases 
(Emmons, 1943. figs. 53-56~ lvfuir, 1955, 
figs. I, 2). It follows due the average rela 
tion of Z m ( 0 I 0) for a number of grains 
rorarc:d abom b will be Z normal ro ( 0 I 0). 
Albire twinning in the plagioclases shou ld 
nor affecr this srnrisrical relarionship. Crys
tals of plagioclasc tabular parallel to ( 0 I 0), 
a common habir (Winchell. 1951, p . 312), 
should appear sratisrically length-fast when 
viewed from any d irecrion normal m h. 
Thus, prefercnrialty oriented rabular plagi
oclases in a section of an igneous rock should 
be length-fast, when vic:wed parallel ro a 
planar orienration. 

According rn Winchell ( 1951, pp. 265, 
_) 12) plagioclasc crysrals arc also sometimes 
e longarc:d parallel ro a a nd feldspar micro
lites arc: usually of this habit, except that 
when larger, they may be tabular parallel to 

(010) . Other habits listed by Winchell arc 
dongation parallel ro b and, rarely, elonga
tion parallel rn c. Brinkman ( 1957) in dis
cussing mineral orientation in basalts, stared 
char rhc plagioclase laths were elongate par
allel to c. 

The oprical orientations shown by Muir 
( 1955, figs. I, 2) suggest tha t plagioclase 
crysrals as calcic as about An;,0 and elongated 
parallel ro a favor a kngrh-fasr aggregate: 
orientation whtn vic:wed in any d irection 
normal m a. Plagioc!ase <.:rysrals more: calcic 
than An;,11 shou ld average our to be lengrh
fasr if elongated parallel to c when viewed 
in any direct ion normal ro c. Larhs of high ly 
calcic plagioclase e longated parallel to tl and 
the more sodic plagioclases e lo ngated paral
lel to c may appear srntlsrically length-slow 
when viewed in a dirc:ction normal ro :1 

planar oritntation containing a lineation. 
Plagiodase less ca lcii.: than An 7o, elong1n ed 
parallel to b. shou!d be srnristically length -

slow viewed normal ro h. T t1h11!tlr p lagio
clase less calcic than An;11. however. wou ld 
be srnrisrically lengch-fasr w'hen viewed paral
lel to a planar orientation and also for a 
considerable range d iverging from rhis di
rection if noc for mosr direcrions. 1 The 
length-fast lengrh-slow relmions for orher 
habits discussed above also hold true for 
quirt a range of direccions and for probably 
a g realcr range of compositions than those 
indicared as limits. 

Ill. PllOTOMETRIC TECllNIQUE 

Comparison of ffends o f fasr-ray vibration 
directions obtained from phocomerric meas
urcmenrs with long-axis determinations of 
feldspar larhs have been made for a number 
of fine-grai ned igneous rocks. The phoro
rncrric technique employed was essenrially 
rhat described by ~1artinez ( 1958) except 
rhar tht' ourpur of the photocell was meas
ured direccly by an ohrnrnerc:r. Fig ure _). 
Plate 1 shows the equipment employed. The 
phorocdl (Clairex Corporation number 
CL503AL), shown in Figure 2, Plate I. 
peaks ar 733 millimicrons. l r is shown 
mounted in Figure I, Plate 1. 1t was adapted 
to fir over che venical rube of an L2300TP
QR American Oprical polarswr rrinocular 
petrographic microscope. The image was 
focused on the sensirive element of the 
phorn<.:ell by a 5X eyepiece placed in rhc 
venical rube. T he rwo positions of rhe 
srage for borh minimum and maximum ligh1 
intensiry were recorded. Because an ohm
rne(er was used directly rachcr than using a 
galvanometer in a more sensitive circu i( 
some: imprecision resulted in these derer
rninarions. The limirs of error were min i
mized by averaging the darn. The cwo posi 
tions for minimum inrensicy were equall}' 
adjusted to differ by 180 degrees. The same 
adjustment was made for rhe posit ions of 
maximum inrcnsity. If rhcse adjusted posi
tions of maximum and min imum inrensi ry 
did nor differ from each other by 90 degrees 
they wc:re equa lly adjusted co so differ. The 
position of m aximum intensicy thus deter
mined is considered m reprc:senc that posi
tion ar which che trend o f the directions of 
vibration of t he fasc rays is parallel or very 
nearly parallel wi(h the slow direction of 
vibrat ion of lighr in the gypsum pbre. No 

1 This i.rcneralization is ~upported by lhc 
empi1·ica! clrita j!iven in section I \ '. 
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F igure 1. Ccrnparison o f t he fast ray t n :nd wi t h 101 long axis deter minations of feld
s par laths lonJ.!·er than .057 mm in section CH G77A -2 o f a ba::,;a]t from t he B ig- Bend Na
tional Park. 

F ig·u rc 2. Compa rison of the fast ray t r end w it h GR long axis dete r minations of fcld 
s pa1· p henocrysts in a t hin section from the H igga nurn dike. 

arrempr was made in th is work m corrcn 
for possible errors due to d irectional dfccrs 
o f chc photocell. Three: ro six 9.5 mm square 
areas o f each sec rion we re measured. The 
dirccrion of preferred orienrarion in e::ach 
sccrion was obta ined by using a vecror !llE'tli 
od for averagi ng the individual 1neasure
menrs made for each seer ion ( Curray. 1956. 
p. I 18- 120 ). For these compurarions, each 
individual obscrvarion was considered to b1.: 
o f the sa1r1e rnagni rnde. 

IV D rsu rss roN OF RESULTS 
r\ ch in section of rhe Ash Spring basal r 

from the Big Bend National Park ( Lons
dale, et{(/ .. 1955) was used for a compari
son. This rock is f ine grai ned, coir1posed 

predom inancly of oligoclase laths in an in
cergranular rexrnre. figure I is a polar 
h istogram showing the results of I 0 I long 
axis dere rmi nations of fe ldspar laths longer 
rhan .057 mm in an unoricnred section of 
th is basal t. 'r hcsc data w<:'.rc plorred in I 0 
cb ss inrervals. To obrnin a resulrant vector 
for chis d isrriburion, a procedure si1nilar to 

that described by Curray ( l 956, p. I 18· 
1.20) was employc.:d. Each 10 class inrerval 
was considered ro represenr an observation 
vecror passing rhrough the cemcr of d1C 

class imerval and having rhe magnirudc of 
rhc class imcrval. The angles of rhcsc ob
scn·arion vecrors from rhc zcro position on 
the plor were doubled and a \'ector <l\'(.'l"<lg<: 

''~1.s dete rmined graphical ly. The angle thus 
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(a) 

Figure :~. Compari sons of the fast ray trend with i4 :-{ long axis determ ina tions of fpJd
spar laths long·er than .057 mm in sect ion :~6 of the Bridg"cport dike. ( a ) long- axis deter
minations a long t r averses parallel to contact; (b) long axis dete rminat ions along t 1·a 
verscs normal to contact. 

obrained was divided by two ro get the re
sulram vecmr direccion. The rcsulrnnr vecror 
magnitude, expressed in percent, is obrained 
by dividing the vector sum by the roral 
number o f measuremems. The rcsulcam vec
tors shown on other f igures in rhis paper 
were CO!nputcd in rhe same manner. This 
computed resulranr vecrnr lies only 4 ° from 
the fast-ray trend of the fe ldspars ·which was 
derermined phoromcrrically. The long-axi s 
de[ermina[ions were obrnined along m1Verses 
normal ro rhc 0 ° -180 ° line on Figure I. 
Th is has the effecr of enhanci ng rhe appar
enr preferential oricncarion bu r should not 
introduce roo large an error in the compurcd 
direction. Traverses at r ighc angles to this 

dirccrion wou ld have the opposite cffecr o f 
arrenuaring the true preferential oriem ation. 
Fo r some of rhc orher sections descr ibed, I 
have made dcrc rmi narions in borh ways. T he 
phoromerric technique overcomes ro sornc 
cxtenr this real d ilemma in 1neasuring t rends 
of such e longate grains. 

Figu re 2 gives a comparison of the phoro
metrically de termined fas t -dry trend with 
68 long-axis determinations of labradorire 
phenocrysrs in a thin-section o f a basalt dike 
in Higganu rn, Connecricuc Figu re 3, Plate 
2, is a photomicrograph of this section. T he 
d iameter of the field is app rox imately 5.5 
mm. This sectio n is porphyri t ic and holo
crysral line. Fe ldspar phenocrysrs range from 
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F ig·u re ..J . Compar ison of the fast ray trencl with 99 long axis determinations of feld
~·pa r lath~ lc.ng;e t· tha n O.:~ mm in section ~5 of the Bridgeport dike. The determination :-; 
were made along: traverses normal to the contact. 

slighrly over 0. l mm ro nearly 2 mm in 
lengrh. T he ground111ass consists of pyrox
<:nl' and feldspar grains approximately .02 
mm in diameter. Visual examination under 
crossed nicols with the gypsum plate inserted 
shows the optical orientation of the pheno
crysrs and the plagioclast: crysra[s in the 
marri x ro be almost idemical. The contact 
of rhe d ike and the coumry rock is included 
in rhe section. The fast-ray trend differs 
fro m rhc: resultant vecmr of long axis dcrer
min:Hions by only l degree:. Boch trends 
approach parallelism wi rh rhe comacr, bur 
rhtrt is a n appreciable angular difference. 
This rnay be of generic s ignificance. 

Corriparisons have been made in rwo mu
tually perpendicular secrions cur adjacent and 
normal ro rhe conrncr of a basal r dike in 
Bridgeporr, Connecricuc. The groundmass 
ranges fro1n cryprncrysrall lnc ar rhe con
I:\Ct ro very finely crysrnlline at rhe other 
side of rhe secrion. Phenocrysrs include la
bradorire, clinopyroxenc:, and altered olivine, 
ranging fron1 less than . I mm co as much as 
I .3 mm in rheir maximum dimension. figure 
)a shows a comparison of rhe inferred phoro
merrically lkrermined fast -ray trend wirh 
143 long-ax is determinat ions of feldspar 
larhs longer rhan .057 mm in section 36. 
Thtse long-axis dererminarions were made 
:dong traverses parallel ro rhe conrncr. Fig
ure 3b is similar to 3a except rhar rhe tra
verses we re normal to rhe conracr. The fasr
ray rrend differs from the rcsulrnnr vecror 
by o nly 2 degrees. Figure Ii gives a com
pari~on u f the in fc.: rrc:d ( 0 I 0 ) rrend wirh 99 

long axis determinations of feldspar laths 
longer rhan 0.3 mm in section 35. These: 
dererminations were made along traverses 
normal to the contact. In this secrion rht 
fasr-ray rrend is coincident with rhe result
am vecrnr. As in rhe section of the Hig
ganum dike, rhe fast-ray trend and rhe rt
sulran t vector were nor exacrly parallel wirh 
the conracr. 

Figures )a rhru 5c show results obtained 
from a vertical thin-section of rht Hampden 
basalc on th<.: campus of Triniry College in 
Harrford, Connecricut from about 6 inches 
above the base of this Triassic lava flow. 
This sample of rhe basalt is fine-grained 
with a porphrriric and inrerserral tc:xmre. 
M-osr of che groundrnass feldspars range in 
lengrh from abour 0.1 mm ro 0.2 mm. The 
phenocrysts range from about 0.3 ro nearly 
2.0 mm. The plagioclase is andesine which 
shows sericitizacion and partial replacement 
by calcire. Figure 5a gives a comparison of 
rhc fast-ray trend wirh 139 long-axis deter
minations along vertical traverses of laths 
longer rhan 0.32 mm. In this insranct tht 
fast-ray trend differs from the resulrnnr vec
tor by 10 degrees. The apparent dip of rht 
flow in this plane is also indicared on the 
plor. Figure 5b is a plor showing rhe com
parison of rhe fast-ray rrend with 188 long
axis dererminarions along rravers<.:s normal 
to the horizontal of larhs longer than .05 7 
mm. R esu lts are similar to 5c. The fast -ray 
trend differs by 8 degrees from the resultant 
vecror. Figure Sc represenrs a comparison of 
rhc fast-ray rrtnd with 257 long-axi.s dttt7r-
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(b) 

1"ig·ul'e 5. Cornpi:ll'ison of the fast ray trend with lon.e.· axis dctenninations of feld :;:;par 
laths in section 40 (vertical) of the Hampden basalt. (a) 1'.19 determinations along tra~ 
verses normal to the ho1·iz.ontal of laths longer than 0.:12 mm; (bl 188 determinations 
along truve 1·ses nornrnl to the horizontal of laths long:ei· than .057 mm; (d 2;,7 dt>termi ~ 
nations along trave r ses parn\lc\ to t!w horizontal plane of laths longer than .Ofi 7 mm. 
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F'igui·e G. Comparison of the fast ray 
Ll'(nd with 60-1 long axis determination~ of 
fcld spa 1· laths in a section of an Oregon 
ha.sa l t. 

m inar ions of laths longer rhan .057 mm 
along trave rses parallel ro rhe horizonral 
plane. This p!or, as would be expened, is 
much k:ss significanr than those of )a and Sb. 

A comparison is given in Figure 6 of rhe 
phoromerr ically derermined fast-ray trend 

with 604 long-axis dtrerminacions of feld
spar ( labradorire ) laths in an unorienrtd 
seccion of an unidl'.ntific:d Orc:gon b11salt 
T h is basalt is fine-graincd having a ttxrure 
rhaL is in pan inrergranular and in part imtr
senal. The long-axis determinations w<:re 
mack: along traverses parallel co rht 0 -180 
line on the plor. Figures I and 2, PI.ire 1, 
phorn1n icrographs ot rhis basalt in plain 
lighr, show char rhc.: shape oritnrariun is not 
obvious. The approxiir1are size: of rhc field 
included in each phornmerric derc.:rminarion 
is indicated in Figure I, Plate.: 2. The fast 
ray rrc.:nd in chis insranct is only I trum 
parallelism wirh the resulranr vector. 

V. DEGRFI'. OF ORIEI\TAT!Oi'\ 

Table.: I lists rhe magnirudc: of rhe ori<.:mu
tion :! for all of the individual rrn::asurtmems 
c.:xprc.:ssed in percenr of rhc maximum Yaluc 
The: pc:rcenr orientation of rhc resulranr \'tc 
ror of rhc long-axis dcrerrnirrntions 1s also 
g iven for c.:ach thin-section. Variarions in 
thickness should cause appreciable differ
ences in incensity measurcmems ( .Martinez, 
1958, p. 602). For rhis reason these: mag· 
nirudes were noc ustd in vector derermiru· 
rions. 

VI. CONCLllSIONS 

The darn show chat for a variety of fine.:· 
grained igneous rocks the plagiocbses ;tr<: 
length-fast in a sratisrical sense in the meas
ured planes.:: The angular difference: be
rwccn the fast-ray trend and the resultant 
vector of rhe long-axis determinations for 

:.! T he difference between minimum and 
maximum intensity. 

:; rt has already been indicated that fo1· 
c:ei-ta in erystalloil'aphic habits the plagio
dasc laths may be statistically tength-slo\\ 
in seetions nornrnl to those measured. 

TABLE 1 

':.<·l· t ion No. 

Cl 1577/\1 

u 
16 

15 
40 

166 

Unit 

A~h Sprinb 
b,i,.dt ;\lo. 1 
Hig,1;;rnu 111 Jik<· 
Bridgl'pon dikl· 
Bridgl'pon dike 
I Llmpdl'n b.i-Jlt 
On·t:un b.1~.1 lt 

Po~ I 

H 
1S 

!I 
19 
II 
17 

lndi1idu.1l Pho1ornc1ri1.: lkt cr111in.11ion> 

P°'. 1 Po>. _\ Po,. 4 Po\. s l'o~ . 6 

" .\6 

IS \I) 

12 19 20 14 
12 II 19 I' 
19 10 1-

7 1; 16 

/\1l'. 

\5 

" 16 
14 
II 
12 

Hc~ultJnt 
\\'((Of \J.1~111-

tllJl' long-.1'.i' 
\)l'!<•r111in.1tion' 

47.0 
67.S 
ss.r. 
6(,,] 

21 . 1 
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the various sections was: ! 0 , 1° , 2°, 4 ° , and 
8° to 10°. Only for the Hampden basalr 
was the angular difference (8 ° w 10° ) ap
preciable. Only in the section of Ash Spring 
basa lr were mosr o f the individual grains 
length-fast. In the other sc:crions the rela
t iunship was only srarisrical. 

It seen1s reasonable co conclude from the 
data that the feldspar in rhe Ash Spring 
basalt is either llacrened parallel co ( 0 I 0) 
o r elongated parnlJel co ti. For rhe basalts in 
which the plagioclase is labradorire, ir is 
considered most likely that the feldspar is 
rabu lar on ( 0 I 0) . 

The results from this representative group 
o f stcrions also indicate that 1r1ajor flow pat
terns which produce a planar orientation, 
read ily can be deduced. 1 The: oriented sec
tions are all cur normal to and very near or 
adjacent to conraccs. The large change in 
flow velocity normal ro che conracc in chis 
zone would be expected ro produce a srrong 
preferential orienration ( Balk, 193 7). The 
section from the Big Bend National Park 
probably is also cut normal co the contact. 
The orienracion of the Oregon basalt is nor 
known. The preferenrial orientarion in scc
cions normal to conraccs is often so strong 
rhar ir can be detected by eye. Even for such 
sections, however, che use of the phoro1r1erer 
is advisable as it provides objective and pos
sibly semi-q uanrirarive data. A snrnll angu
lar difference was consistently found rn exist 
between the conrncc and the preferential 
or ientation, eicher as directly measured or 
inferred from photometer measurements. lf 
this can be demonstrated from funher srnd
ies ro be a general condition, somewhat 
analogous w imbrication in sediments, ir 
might be possible to deduce the direction of 
flow from sections cur normal ro the con
racr. Ir is also possible that sect ions parallel~. 
ro rhe contact may be useful for such a 
purpose. If the feldspars are tabula r parallel 
ro ( 010) many of the ( 010 ) planes should 
be aligned parallel ro rhe comacr but those 
that are nor may be rornted by changes in 

1 From universal stag:e measurements of 
the 01·ientation of (l.00) and (010) JJ\anes 
of plagioclase laths, Brinkman ( 19G7) con
cluded that the rnicro st ructure of basalts 
J.dves a pictu re of f!O\v in the melt. 

;, It is not necesf'>ai·y foi· such sections to 
lie taken near the contact. Better res ult:-> 
may be obtai ned for Sl'c tions far from the 
contact. 

the flow velocity parallel rn the contact. This 
lincation or alignment (possibly in a plane 
of foliation) should indicate current direc
tion . Ir seems most likely that rhis lineation 
would be identical with a fast-ray trend. 
Such a lineation, however, can be detecrcd 
by phoromerric measurements of the type 
described whether it is parallel rn a fast or 
slow-ray trend. A study is under way in 
which flow directions inferred from photo
metric data will be compared to flow direc
tions inferred from bent pipe amygdules. 
One of the units being examined is the 
Hampden basalt. 

The principal conclusion derived from this 
study is rhat rational and consisrenr relations 
exist between the fast-ray rrend and shape: 
oric.:nration in cenain feldspars. This fasr
ray rrend can be determined by phorornerric 
means. Major flow patterns can thereby be 
deduced. Ir is possible that minor flow pat
terns reflecting flow direction can also be 
derived. 
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