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DOMESTIC SOURCES OF PIEZOELECTRIC CRYSTALLINE QUARTZ

Hucn H. Wanscnn*

An adequate supply of crystalline qlrartz of piezoelectric grade and

size continues to be of fundamental importance to the U. S. Army Signal

Corps. Current electronic development programs of the Armed Forces

depend upon the use of quartz crystals in all applications where accurate

frequency control is necessary. In peacetime this may not seem too signifi-

cant, but in planning for possible national defense emergencies, an

adequate supply of piezoelectric grade raw qrartz is just as important as

an adequate supply of some of the more publicized strategic minerals.

Prior to World War If, the Signal Corps accepted the use of qvartz

cryitals for frequency control purposes in essentially all electronic com-

munication, navigation and radar equipment operating in the audio and

radio frequency spectra up to and including the ultra high frequency

channels. Some equipments required a complement of 100 or more crystal

units plus spares and replacements for satisfactory operation. As a re-

sult, over 70,000,000 crystal units were manufactured for the Army,

Navy and Air Forces, requiring over 4,000,000 pounds of radio grade

* Geologist, Signal Corps Engineering Laboratories, Fort Monmouth, N. J.
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q\artz, between January 1942 and V-J Day. Use of such a large quantity
of crystal units was necessary in order to establish and maintain, with a
minimum of efiort, clear and definite frequency channels of greater sta-
bility than could be obtained by any other means. This policy was justi-
fied on the basis that qaartz was without a peer as a frequency controll-
ing element. Military and civilian uses of qtartz in the field, as well as
Iaboratory studies, have confirmed this premise and as of this date, no
means of highly itable frequency control, superior to quartz, has been
discovered. It appears certain that the demand for use of quartz for fre-
quency control purposes will continue at a high level because its out-
standing value in this service will be a strong consideration and deter-
mining factor in development and use of military electronic equipment.

One of the greatest difficulties in the past use of quartz has been that
of supply. The only dependable source of acceptable raw material has
been Brazil. During World War II, it was necessary to ship the quartz
over difficult supply lines, including marine transportation subject to
enemy naval attack. Late in 1942, this became such a serious problem
that it was necessary to ship the quartz by air freight, which limited the
quantity obtainable. That situation was alleviated somewhat by the
clearing of the sea lanes through the Caribbean in 1943, but at no time
since has this country been free of the necessity of stockpiling quartz
for strategic purposes. "Quartz Crystal" has been listed invariably
during the past two years as a ('strategic mineral" on every public tabula-
tion of minerals that must be stock-piled. Some relief from quantity re-
quirements in the future may be obtained through design of equipment
requiring fewer crystal units, use of substitutes for natural quartz, de-
sign of more dependable crystal units that would require less replace-
ment, conservation oI quartz through improved manufacturing methods,
greater utilization of lower grade quartz, and design of crystal units
utilizing less quartz. A program for conservation of this nature was ini-
tiated by the War Department, Ofice of the Chief Signal Officer in 1943,
and was subscribed to throughout the duration of hostilities by all the
agencies responsible for the use of piezoelectric grade quartz. This pro-
gram resulted in an increased yield of eighty per cent per pound of quartz
consumed. It is intended that this policy continue in efiect insofar as
Government uses are concerned.

Quartz is not the only piezoelectric crystalline material. Over one hun-
dred and seventy-five substances have been reported by various investi-
gators to have piezoelectric properties in varying degrees. Any crystal
having no center of symmetry should be piezoelectric although many
(such as cinnabar) are electrically conductive and therefore cannot be
used for electronic frequency control purposes. Practically all the other
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substances have various physical properties that make them unsuitable

for frequency control applications. Three other minerals which offer

promise for electronic, piezoelectric use are crystallindtourmaline, nephe-

line, and berlinite. However, none of these materials appear to occur

plentifully in nature in suitable form. Tourmaline, for piezoelectric use',

must be of the non-iron bearing variety. Nepheline and berlinite appar-

ently do not occur in large, well formed crystals' The Signal Corps En-

gineering Laboratories would be interested in any information concern-

ing the location and quantities of any of these minerals occurring in

Iarge, crystalline form, relatively clear and free from defects.

The Signal Corps has been so concerned over the future natural quattz

supply for piezoelectric frequency control application, that it has launched

a program for synthesis of substitute materials' Brush Development

Company of Cleveland, Ohio, and Antioch College, Yellow Springs, Ohio,

are well along on qtartz synthesis. Edward Washken of Cambridge,

Mass., is engaged in research for synthesis of nepheline and Baird Asso-

ciates of Cambridge, Mass., is engaged in research for synthesis of tour-

maline. The University of Minnesota and Squier Signal Laboratory of

Fort Monmouth, N. J., are investigating the synthesis of berlinite'

These projects (with the exception of Squier Signal Laboratory) are being

sponsored by means of contracts with the Signal Corps 'Engineering

Laboratories. The Naval Research Laboratories are making major con-

tributions to piezoelectric crystal synthesis. Results to date have been

gratifying but in no way afiect the present Signal Corps desire to promote

consideration for radio grade quartz wherever explorations of any kind

are conducted in Central and North America.
It is well known by geologists, mining engineers, and mineralogists that

quartz is one of the most abundant mineral constituents of the earth's

crust; large quantities occur throughout Central and North America'

Unfortunately, piezoelectric use oI quartz is very exacting in its require-

ments, thus limiting usable quartz to only one of many varieties. It

must be crystalline and must be essentially eye clear, free of impurities,

physical defects and crystallographic variations, including twinning,

within any given crystal. The dimensions of operating crystal plates,

and manufacturing methods have limited the physical size of the quartz

crystals heretofore used to a minimum of 100 grams by weight having a

length parallel to the vertical crystallographic axis of at least two inches

and a diameter, perpendicular to the vertical crystallographic axis, of

at least one inch. Quartz of this size must exhibit at least one identifiable

crystallographic face for economical use, although crystals over 200 grams

can be economically processed whether "faced" or not' Obviously, the

piezoelectric grade of this important mineral is rare in occurrence in
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sizeable deposits. Limited, known sources in North and central America
have been confined largely to uneconomical deposits in Guatemala,
Arkansas, and California. Usable crystals have been found singly or in
very small quantities scattered throughout Central and North America
and it is a reasonable geologic assumption that satisfactory sources, as
yet undiscovered, may exist in these regions. Continued geologic explo-
ration may be expected to reveal such sources; especially is this true when
it is considered that much investigation of this nature remains to be done
in some of the more remote or inaccessible localities (e.g., Alaska). Large
deposits of piezoelectric grade quartz even in continental united states
may exist and this possibility cannot be dismissed.

Military and civilian offcials of the Signal Corps have recognized and
discussed the problems covered in the preceding paragraphs during the
past several yeari. An active program on the part of the Signal Corps
Engineering Laboratories calls for gontinuous liaison with the Geological
Survey, Bureau of Mines, other Government organizations, including
State Surveys, Geological and Mineralogical Societies, Educational
Institutions and Mining Organizations. These groups, as well as in-
dividuals, are asked to be on the alert for sizeable bodies of radio grade
quartz and to advise the Commanding Officer, Signal Corps Engi-
neering Laboratories, Fort Monmouth, New Jersey, of such findings.
signal corps representatives will examine any North or central American
piezoelectric mineral source localities in coordination with the other
interested Government agencies or groups indicated, if warranted.
Quartz so located will be tested by the Signal Corps Engineering Labora-
tories for piezoelectric qualities. These Laboratories would also be inter-
ested in information regarding relatively large deposits of crystalline
qtartz of individual crystal sizes in the range of 30 to 100 grams.

PETROGRAPHY OF A SAMPLE OF BEDROCK FROM A DBEP WELL
AT ROCKAWAY PARK, LONG ISLAND, NEW YORKI

Cr,aupn M. RonBnrs

Further evidence as to the position and character of the bedrock of
Long rshnd has been brought forth as the result of a recent petrographic
study of a sample of the bedrock from the drilling of a deep well beneath
Rockaway Park.

In 1939, one of two deep wells, Q 1030, drilled by the Department of

I Published by permission of the Director of the Geological survey, united states De-
partment of the Interior.


