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By   George   P.   Merrill,

Head  Curalor,  Dejxn-tiiieiit  uf  (icologii,  U.  S.  Naliomd  Mtiseiun.

It   will   be   remembered   that   in   18!>1   attention   was   called   to   a   crater-

like  depression   in   unaltered   sedimentary   rocks   some   twelve   miles
southeast   of   Canyon   Diablo,   Arizona,   by   the   finding-   of   a   large   num-
l)er   of   masses   of   meteoric   iron   in   the   immediate   vicinity.   Subse-
quenth'   the   possible   origin   of   the   depression,   or   crater,   was   made   a
matter   of   investigation   l)y   Mr.   G.   K.   Gilbert,   of   the   U.   S.   Geological
Survey,   who   gave   his   results   in   his   presidential   address   before   the
Geological   Society   of   Washington,   in   1806,   under   the   caption   of   The
Origin   of   Hj^potheses.

With   the   question   of   the   origin   of   the   crater   the   present   paper   has
little   to   do.   It   is   sutlicient   to   say   that   Mr.   Gilbert,   after   discus-

sing  various   h3'potheses,   was   led   to   regard   that   of   an   origin   through
explosive   volcanic   action   as   most   plausible.   This   view   has   recently
been   discussed   by   Messrs.   D.   M.   Barringer   and   B.   C.   Tilghman,   of
Philadelphia,"   who   have   undertaken   a   series   of   investigations   based
on   the   theory   that   the   depression   is   due   to   the   impact   of   a   gigantic
meteorite.

As   is   well   knowr,,   the   surface   rock   over   a   large   part   of   the   region   is   an
arenaceous   limestone,   known   as   the   Aubrey   limestone,   which   has,   ac-

cording  to   Mr.   Barringer,   a   thickness   of   some   o5()   feet.   Immediately
underljnng   this   is   a   light   gray   sandstone   from   450   to   500   feet   in   thick-

ness.  A   peculiar   and   apparently   very   local   form   of   metamorphism   of
this   rock   is   the   excuse   for   the   present   paper.

The   sandstone   (Cat.   No.   70884   U.S.N.M.)   in    its   original   and   pre-
vailing type  is   of   a   light   graN'  color,   distinctly   saccharoidal   and,   in   the

walls   of   the   crater,   ver}^   friable,   being   in   small   masses   easily   disinte
orated   in   the   hands.      Under   the   microscope   it   is   found   to   be   composed

"Coon  Mountain   and   its   Crater,   Proc.   Acad.   Nat.   Soi.   Phila.,   December,   1905.
1 -lied  March  1,  1906.
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of   well-rounded   quartz   granules   with   an   occasional   grain   of   a   plagio-
clase   feldspar,   and   a   little   dust-like   material   in   the   interstices,   but   the
amount   of   interstitial   material   of   any   kind   is   very   small.   The   general
structure   of   the   stone   is   shown   in   tig.   1   of   Plate   Lll.   This   type   passes
into   what   may   be   called   the   first   phase   of   the   metamori)hism  —  an
almost   chalk}^   white   rock  —  (Cat.   No.   T6835   U.S.N.M.),   still   retaining
the   granular   character   and   much   of   the   original   structure   of   the   sand-

stone,  and   crushing   readily   between   the   thumb   and   fingers.   Under
the   microscope   this   type   shows   interesting   structural   changes   which
are   only   in   part   brought   out   b}^   the   photomicrograph   reproduced   in   fig.
2   of   Plate   LII.   A   portion   of   the   quartz   granules   retain   their   origi-

nal  characteristics.   A   larger   portion   are   crushed   and   more   or   less   dis-
torted,  though   retaining   their   limpidity   and   high   polarization   colors.

In   many   instances   two   adjacent   granules   are   crushed   and   fractured   at
point   of   contact   as   though   they   had   been   struck   a   sharp   blow^   with   a
hammer.   This   crushing   has   at   times   been   carried   so   far   that   the   rock
is   reduced   to   a   fine   sand   (Cat.   No.   76840   U.S.N.M.),   each   particle   of
which   is   as   sharpl}"   angular   as   though   disintegrated   b}'   a   blast   of   d^^na-
mite   (see   fig.   4,   Plate   LII).'^'   Of   greater   signiticance   from   the   present
standpoint   is   the   presence   in   the   still   firm   rock   of   a   large   number   of
granules   which   are   so   completel}"   changed   as   to   give   rise   to^forms   at
first   glance   scarcely   recognizable   as   quartzes   at   all.   A   description   of
these   is   given   in   the   discussion   of   the   next   phase   of   the   metamorphism.

In   this   second   and   very   complete   phase   of   metamorphism   the   origi-
nal  granular   structure   of   the   sandstone   has   almost   wholly   disappeared,

as   have   also   the   original   lines   of   bedding   (Cat.   No.   76837,   U.S.N.M).
The   rock   is   chalk-white   to   cream-yellow   in   color,   quite   hard,   though
in   thin   fragments   readily   broken   between   the   thumb   and   fingers,   and
lacks   entirely   the   arenaceous   structure.   It   resembles   the   decom-

posed  chert   quarried   at   Seneca,   Missouri,   under   the   name   of   tripoli,
more   than   any   other   rock   that   the   writer   can   call   to   mind,   although
on   casual   inspection   it   might   readily   pass   for   an   old   siliceous   or   cal-

careous  sinter.   This   material,   Mr.   Tilghman   writes,   occurs   spo-
radicall}'   throughout   the   pulverulent   material,   of   which   it   constitutes
some   2   per   cent   in   bulk   and   in   fragments   from   the   fraction   of   an
inch   to   10   or   12   feet   in   diameter.   In   one   instance   the   drill   passed
through   a   mass   of   it   some   50   feet   in   thickness   at   a   depth   of   500   feet
below   the   surface.   In   the   mass   this   variety   shows   an   uneven   platy
structure   extending   directly   across   the   original,   almost   obliterated,
lines   of   bedding.   Under   the   microscope   this   phase   exhibits   certain
features   new   to   the   writer,   at   least,   and   which   are   quite   at   variance
with   our   ideas   of   the   stable   character   of   quartz   sand.   The   general
structure   is   shown   in   fig.   5   of   Plate   LII.      A   more   highlj^   magnified

"This  is  the  material  referred  to  as  "SiUca"  by  Messrs.  Barringer  and  Tilghman,
and  of  which  there  are  said  to  be  "millions  of  tons."
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though   less   well-defined   section   is   shown   in   fig.   3.   At   first   glance
such   would   be   pronounced   to   be   a   holocr3"stalline   rock.   It   is,   in   fact,
an   aggregate   of   closel}^   interlocking   quartz   granules   with   low   and   very
uniform   relief,   dull   colors   of   polarization,   and   in   the   majority   of
instances   a   marked   rhombohedral   cleavage.   So   striking   is   this   feature
that   at   first   the   true   nature   of   the   mineral   was   not   recognized.
Extinctions   are   often   undulatorj^,   indicating   a   condition   of   molecular
strain,   and   the   cleavage   lines   are   themselves   at   times   more   or   less
wavy.   The   appearance   indeed   is   such   as   to   suggest   that   the   granules
have   been   subjected   to   pressure   while   in   a   putty   like   or   plastic   condi-

tion.  With   a   high   power   and   between   crossed   Nicols   (fig.   3   of   Plate
LIl)   the   rock   is   seen   to   be   not   holocrj-stalline,   but   to   contain   compara-

tively  small   colorless   interstitial   areas,   showing   by   ordinary   light   a
fibrous   structure,   but   which   are   for   the   most   part   completely   isotropic
between   crossed   Nicols,   and   which   the   chemical   analysis   suggests   may
be   opal.   From   this   condition   the   rock   passes   rarely   through   more   or
less   vesicular   to   highly   pumiceous   forms   (Cat.   Nos.   76839   and   76840),
showing   to   the   unaided   e}   e   all   the   features   of   an   obsidian   pumice,   but
of   a   white   color.   This   under   the   microscope   is   resolved   into   a   color-

less  vesicular   glass,   more   or   less   muddied   through   dust-like   material
and   showing   here   and   there   residual   particles   of   unaltered   quartz.
The   glass   does   not,   however,   resemble   the   glass   of   a   pumice,   nor   is   it
like   that   obtained   ])y   the   artificial   fusion   of   quartz   in   the   geophysical
laboratories   of   the   Carnegie   Institution.   So   far   as   the   writer's   obser-

vations  go,   it   more   closely   resembles   fulgurite   glass,   formed   b}"   the
lightning   striking   in   siliceous   sand.   This   form,   it   is   well   to   note,   is
quite   I'are,   the   material   being   first   met   with   in   what   Mr.   Barringer
has   designated   as   shaft   No.   2,   and   at   a   depth   of   130   feet.   A   few   small
pieces   were   found   in   digging   the   open   cuts   outside   of   the   crater   and
but   one   piece   lying   out   on   the   surface.

Chemical   tests   on   (I)   the   unaltered   sandstone;   (II)   what   may   be
called   the   crystalline   variety,   the   finely   laminated   stone   compared   to   a
decomposed   chert,   and   (III)   the   pumice,   gave   Mr.   Wirt   Tassin   results
as   l)elow:

(I)   TTnaltere<l   sandstone  [^^^^  ^^-   -'*
lUndet  71

100.  00

(11)   Altered  sandstone .

fSi.O  98.   6:^
AlA  0.18
FeA  0-10
Ign  0.   99
Losa   at   100°  0.   30

100. 20



650 PROCIEEDINGS   OF   THE   NATIONAL   MUSEUM. VOL.  XXXIl.

(Ill)   Puiniceous   variety.

SiO,   ...:  95.22
AlA
FeA
CaO
Ign
Loss  at  100°

0.59
0. 19
1.99
1.20
0.40

99.  59

A   part   of   the   linio   in   Analysis   III   was   there   as   a   mechanically
admixed   carbonate.   The   high   ignition   (0.99)   in   II   would   suggest
that   a   part   of   the   silica   is   in   the   condition   of   opal,   as   alread}'   noted.
Eliminating   the   ignition   and   the   free   calcium   carbonate   in   III,   it   is
evident   that   there   is   no   essential   chemical   difl'erence   in   the   three

samples.   They   vary   as   little   as   would   probably   three   independent
ai-alyses   of   any   one   of   the   t3^pes   from   slightly   different   sources."

As   to   the   exciting   cause   of   this   metamorphism.   So   far   as   the   writer
has   information,   no   more   satisfactory   theory   has   been   advanced   than
that   of   the   Messrs.   Barringer   and   Tilgbman,^   who   ascribe   it   to   the
impact   and   incidental   heat   of   an   enormous   mass   of   meteoric   iron
which   constituted   a   portion   of   the   well-known   Canyon   Diablo   fall.
Startling   as   it   may   seem,   the   writer,   without   intending   to   commit
himself   in   any   way,   has   to   acknowledge   that   it   must   at   least   receive
consideration,   for   the   simple   reason   that   nothing   else   seemingly   worthy
of   consideration   presents   itself.   That   there   must   have   been   intense   heat,
and   that,   too,   only   for   a   brief   period,   is   certainly   manifest.   The
force   of   impact   of   an   ordinar}^   meteoric   mass,   as   is   well   known,   is   not
great   and   the   depth   of   penetration   but   slight.   The   majority   of   those
that   come   to   our   earth   are,   however,   following   it   in   its   orbit   about
the   sun,   and   their   speed   on   entering   our   atmosphere   is,   so   far   as
determined,   only   some   3   to   10   miles   a   second.   If,   however,   we   con-

ceive  a   mass  — as   from  the  Leonides  — meeting  the  earth   head  on,   as   it
were,   it   would   enter   our   atmosphere   with   an   initial   speed   of   45   miles
a   second.   If   such   a   mass   were   of   sufficient   size   to   escape   anything
like   complete   destruction   through   burning,   its   force   of   impact   would
be   enormous.   Whether   it   could   or   did   produce   the   effects   described
is,   perhaps,   yet   an   open   question.

«At  the  time  Mr.  Gilbert  was  making  his  investigations  a  chemical  analysis  was
made   by   W.   H.   Melville,   of   the   vesicular   variety   (No.   IID.   This   Mr.   Gilbert
has   placed   in   my   hands.   It   is   as   follows:   Si02-89.71;   AI2O3-I.2O;   FeO-b.34;   CaO-
4.22;   •MgO-0.22;   K,O-0.15;   Na2O-0.24;   Co.,-3.25;   Ign.-0.74;   loss   atl00°-0.20.   Total,
100.27.

'^Coon  Mountain  and  its  Crater.     Proc.  Acad.  Nat.  8ci.,  Phila.  1905,  p.  885.



Merrill, George P. 1907. "On a peculiar form of metamorphism in siliceous
sandstone." Proceedings of the United States National Museum 32(1546), 
547–550. https://doi.org/10.5479/si.00963801.32-1546.547.

View This Item Online: https://www.biodiversitylibrary.org/item/53434
DOI: https://doi.org/10.5479/si.00963801.32-1546.547
Permalink: https://www.biodiversitylibrary.org/partpdf/51892

Holding Institution 
Smithsonian Libraries and Archives

Sponsored by 
Smithsonian

Copyright & Reuse 
Copyright Status: Public domain. The BHL considers that this work is no longer under
copyright protection.

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 07:24 UTC

https://doi.org/10.5479/si.00963801.32-1546.547
https://www.biodiversitylibrary.org/item/53434
https://doi.org/10.5479/si.00963801.32-1546.547
https://www.biodiversitylibrary.org/partpdf/51892
https://www.biodiversitylibrary.org

