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books along cleavage traces and that grade into the turbid argil l ic part
of the groundmass (Fig. 1). Thc blades and fibers range in length from
ncarly submicroscopic sizes to as much as 2 mm. l{aximum width of the

Comparison oI r-ray powder fi lms (Fig. 2) of pectolite from the peri_
dotite with fi lms of pectolite from patterson, New Jersey, confirmed
optical identification. d- values and intensities of the c-ray reflections
(Table 1) for both the pectolite from the Hil ls pond peridotite and the
New Jersey sample proved identical.

Thanks are due I 'Ir. cecil r. welch of Toronto, Kansas, who gave the
writer permission to log dril l  core taken under Mr. welch,s supervision
and to collect samples from the core.
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A PDNETRATION-TWIN IN OLIVINE

R. N. BnornBns
Department of Ceology, Liniversity of Auckland., l{eta Zealand..

nation of forms being { 010 } + { 1 10} + {120t, togetherwith [ 101 ] + { 021 } .
True twinning was observed only in the one grain herein described, but
the thin-section also contains euhedral olivine with ,,translation lamel-
lae" oriented parallel to (100).
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Frc 1. Photomicrograph of olivine penetration-trvin

(010) cleavage and a distinct (001) parting'
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I r r c . 2 .Camera luc i c l ad raw ing f romF ig . l ,w i t h f ace labe l sandop t i ca l d i r ec t i ons-t4-1OZr), 
18-(021), 1c-("010), 2s-10t0), 2F - (o2r), 2G-(001)', 2I{-(02 1)'
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A stereographic lower hemisphere plot of the opticar directions within
the penetration-twin is given in Fig. 3. The two sub-individuals I and. 2
in the twin share a common Z (: o) vibration direction, with the result
that on the plot Zt:Zz while XrYr and Xzyz l ie on the great circle nor-
mal to Zr-2. The degree of rotation of Xr from X2 and of yr from yz was
measured as 60o, with an estimated manipulative error of * 1o. Face
poles have also been inserted on Fig. 3. on the universal stage there is
potentially a serious ti l t error involved in the locatior of such face nor-
mals, but nevertheless the pole plots are quite close to the angular dis-
positions l isted by Dana (1949, p. 597) for rationar faces in this zone.

-. 
The stereographic plot shows that the twinning axis (labelled TA) must

lie in the common zone [100] and make an angle of 30oi1o with both
Yt  ( :c i l  and Yr  ( :cr ) .  Assuming an ax ia l  rat io  c lose to a:b:c:0.46: I :
0'59 of forsterit ic olivine and uti l izing Dana's (1949, p.597) interfacial
angles, the pole of the twin axis coincides on the stereogram with the
theoretical position of the face pore for (011). The law is thus twin axis
: I (011)  or  twinning p lane:(011) .  A s imi lar  twin for  o l iv ine has been
reported in Dana's Syste.m (1909, p. 452).

The limitation of rotation, in this case 60o, in the zone [100] is imposed
by the structure parallel to (100). projection of the structure of olivine

Frc. 3. Lower hemisphere projection of optical directions
and face poles for che penetration_twin.
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shows that a pseudohexagonal symmetry exists utithin lhe tetrahed.ra in
the plane of (100), the atomic structure being similar in the trace direc-
tions of (001), (031) and (031). Alternative structures can therefore be
built upon these planes which l ie at an angle of 60o to each other.
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COMPROMISE GROWTH SURFACES ON PEGMATITE MINERALS

VeNcB Havr.rns
American Institute of Research, Gold.en, Colorado.

Many crystals of pegmatite minerals display growth surfaces that
form polygonal, step-sided pyramids. These are the ,,roots', of the crys-
tals; the other parts display normal development, commonly with euhed-
ral terminations. A search of available geological l i terature has failed to
reveal a satisfactory explanation of this phenomenon.

The explanation offered here is that these anomalous pyramidai sur-
faces are the result of simultaneous growth of two adjacent crystals with
different growth velocities. This process was described by Johnsen (1923)
and is  rev iewed in Buckley (1951,  p.  125-128).

Consider that crystal ,4, with growth velocities V and V,, has reached
the stage shown in Fig. 1o, and crystal B, with growth velocities , and.{
first begins to develop at point *. At some time later the two crystals
have reached the stage shown by the solid l ines in Fig. 16, in which
crystall ization of crystal I has continued after crystal B has ceased to
grow. The angles that the sides of crystal B make with the growth direc-
tions are g and 6', and simultaneous growth has taken place over the
common distance S.

The resultant surfaces on crystal B are not in any rational way reiated
to the axial systems of either crystal. They are called compromise sur-
faces and are the result of compromises between the relative growth ve-
Iocities of the two substances.

If, for some reason, growth of crystal,4 ceased before crystal B ceased
growing, crystal B could lhen terminate euhedrally outside crystal A
(Fig. 1c). This is the situation occasionally encountered in pegmatites.
In such examples the angle @/ cannot be measured. The only example in
which {' can be measured is that in which crystal B stops growing, even
if only for a brief period, u'hile growth of crystal ,4 continues.




