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TABLE 1 

Frcquency dis lribution of planar elemenls in quartz grain~ rl'Oln We~l Clcarwater Lake, Quebec 

Thin sect ion (:30 grain~) Powder (:32 graiuH) 

Frequency (9Q) Frequency (%) 
q, p, 

Ihki/l , observable observed Fr 
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11 J21 1 12-f. I 5.G 
I LOla j 220 12 5.5 
{1J22 j 15 1 ,) :3.2 
{51611 2:1 1 Ii 2.fi 
1:3J4J 1 llfi I 0,8 

nol idelltified 15 
ToLa! Hi2 

F1 = (PT/ QT) X 100 (%) 

FJl = (PT/ LrPr) X 100 (%) 

Fm = [(7JT/ ar) / L r(lJr/ aT)] X 100 (%) 

where 

qr = the number of symmetrically equivalent 
planar elements Ihkil}r which are ob
gervable in a sample of n grains, con
sidering the limitations due to grain 
orientation and the "blind circle." 

Pr = the number of symmetrically equivalent 
planar elements 1 hhl} r actually ob
served in the n grains. 

L rPr=the number of all observed planar ele
ments in n grains which could be identi
fied with crystallographic planes. 

a r = the number of symmetrically equivalent 
planes of the same form {hkil)r (a= 1 
for 10001) and a= 6 for all other planes), 

As though it were a mineral with perfect cleav
age, quartz from the Clearwater Lake breccia 
disintegrates easily into a powder consisting of 
fine flat fragments. The planes which bound these 
fragments are identical with the planar elements; 
this conclusion was demonstrated in the follow
mg way. 

By gently pressing the covel' glass, Canada 
balsam powder mounts could be prepared with 

qr p, 
fill FlIT observable observed PI FII Fill 

u.8 :lO 28 5 18 :1. 8 l!l 

% :W 156 :32 21 2-f. 21 
Hi J2 151 22 15 17 H 
Hi 12 1M 2-f. ](j J8 15 
5.~ -f. .1 1-15 n 0.2 (U) 5.8 
-f..8 :3.6 142 I ~.n 5.:1 -f.. 5 
8.2 0.1 27-1- 17 u.2 1:1 11 
:1.4 2.5 142 7 -f. . ~) ,').:\ ~.5 

-f.. I :1.0 272 7 2.0 5.:; 4.5 
0.7 0.5 1-f.0 (l .7 0 .8 0.1i 

2(j 
IOU JUO 1.57 IUU 100 

all flat fragments lying with their largest faces 
(main fracture planes) nearly parallel to the slide. 
The angles were then measured between optic 
axes of the grains and the microscope axis, which 
was normal to the slide. If there were no pre
ferred orientation of the grains, the probability 
of finding optic axes at angles between e/> and 
e/>+.6.e/> would be given by the function of sta
tistical distribution, i,e., 

J"'+A'" 
P H Aq, = sine/>· de/> = cose/>- cos(e/>+.6.e/». 

q, 

Figure 4 shows the difference .6.P between the 
measured and statistical distribution functions, 
derived from the above formula. Intervals of 
.6.e/> = 40 were used. Positive values of .6.P mean 
that there are, in the particular range of orienta
tion, more grains present than calculated for a 
random distribution. The maxima are situated 
at the same angles where the most frequent 
planar elements were found, indicating that 
fracturing of this quartz occurs preferentially 
parallel to planes which, in unbroken grains, are 
visible as planar elements. 

QUARTZ FROM THE RIES BASIN, GERMANY 

Similar planar elements in quartz are also very 
common in fragments of shocked granite and 
gneiss from the suevite breccia of the Ries Basin, 
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Fig. 4. Frequency diagram, indicating the preferred orientations of fractures in quartz grains, parallel to planar elements. 
Granite, West Clearwater Lake, Quebec (explanation in text). 

Germany (Engelhardt and Staffier, 1965; Staffier, 
1966). The results of measurements within a thin 
section of a granite inclusion from the suevite of 
Zipplingen are presented in Table 2. In this 
sample, the average number of measurable planar 
elements is 10 sets per quartz grain. The planes 
have the same crystallographic orientation as 
t.hose found in Clearwater Lake quartz. The fre
quency distribution is similar, but not identical. 
In quartz grains from other Ries samples, we 
found the same orientations of the principal 
planar elements, but variable frequency distribu
tions. It thus seems that the frequencies of 
planar sets are controlled by factors other than 
the peak pressure of the shock waves alone. 

OPTICAL STUDIES OF SHOCKED QUARTZ 

Quartz grains which contain planar elements 
also display lower refractive indices, lower bire
fringence, and lower densities than those of 
normal quartz. The distribution of refractive 

indices of Clearwater Lake quartz is shown in 
Figure 5. Using seven different immersion liquids, 
the frequency distribution functions of refractive 
indices of Clearwater Lake quartz grains were 
measured. There is an appreciable scattering, 
with mean values of E = 1.539 and w = 1.542, both 

TABLE 2 
Frequency distribution of planar elements in quartz from 

a granite inclusion in Suevite, Zipplingen, Ries Basin, 
Germany 

Frequency (%) 

{hkil}, FI Fn Fm 

{0001} 33 2.7 16 
{lOI3} 68 34 30 
{lOll} 40 20 18 
{lOI2} 59 30 26 
{213l} 14 6.5 6 
{1l21} 3 1.3 1 
{lOIO} 6 3 I 
{1122} 1 0 .3 0.3 
{5IBI} 2 2 I 


