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Diaspore recrystallized at low temperature
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Department of Geology, Uniuersity of Missouri
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Abstract

Diaspore from clay deposits in Missouri is shown in scan electron micrographs to have
recrystal l ized into relat ively coarse crystals in a weathering environment and at surface
temperatures. Recrystal l izat ion at such low temperatures is unexpected, in view of synthesis
temperatures in the range of 200-300'C. Aluminum hydroxide thus is not intractably " in-
soluble" under certain soi l-water condit ions.

Introduction

For two and a half decades the apparent crystall i-
zation and stabil ity of diaspore at earth-surface
("room")  temperature has been an int r igu i4g prob-
lem. The geologic home of  d iaspore t radi t ional ly  has
appeared to be in an environment of metamorphism
or in  a genet ic  envi ronment  above 200oC ( laboratory
synthesis) .  In  contradis t inct ion to genesis at  h igh
temperature and high pressure, however, diaspore
also occurs abundant ly  in  associat ion wi th sedi -
mentary deposi ts  of  f l in t  c lay and bauxi te.  Despi te an
apparent low-7',P origin for these deposits, geolo-
g is ts  usual ly  have d i l igent ly  searched for  a possib le
part-t ime existence for them at higher temperature in
an effort to reconcile field observations and labora-
tory data.

In this paper, however, scan electron micrographs,
SEM, wi l l  show diaspore that  has recrysta l l ized in
"surface boulder" diaspore exposed only to the sur-
face weathering environment (necessarily a low tem-
perature and pressure) in central Missouri since the
Tertiary.

Scan electron micrographs

Scan electron micrographs were taken of represen-
tative specimens from a typical sequence of f l int
clay-burley-diaspore in a clay pit in the central
Missour i  c lay region (McQueen,  1943;  Al len,  1935,
1952; Keller et al., 1954). Although reserves of dia-
spore in Missouri are essentially depleted (Keller,
1977a), a typical deposit has been temporarily, or
accidentally, spared from mining; this is the Schaef-
ferkoe.tter pit, about I I km NW cif Owensvil le (Kel-
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ler, 1977b). Missouri diaspore has originated by desi-
l icat ion of  parent  kaol in i t ic  f l in t  c lay,  according to a l l
wr i ters c i ted above.  The kaol in  and/or  i l l i te  parent  to
the fl int clay was derived as a residual weathering
product  f rom adjacent  Paleozoic l imestones (Rob-
bins and Kel ler ,  1952).  The t ransi t ion f rom f l in t  c lay
to d iaspore usual ly  took p lace la tera l ly  or  ver t ica l ly
wi th in a range of  a few cms to a meter  or  more,  as in
the Schaefferkoetter pit.

Figure I is an SEM of representative fl int clay from
the Schaefferkoetter deposit (3000X). This specimen,
which is  typ ical  of  Missour i  f l in t  c lay,  is  f ine-gra ined,
has low porosi ty ,  and is  very compact  due to the
inter lock ing of  t iny crysta ls  and smal l  books of  ka-
olinite. The micrographed surface is a freshly frac-
tured surface-no grinding, etching, or other process-
ing which might  in t roduce an ar t i fact  was done.
Other types of f l int clay are shown in detail elsewhere
(Keller, 1976, II; '  1977c). A few cms inward on the
outcrop, toward the diaspore core of the pit, the clay
becomes a "bur ley"  in  character .  Some ool i tes,  or
"burls" (a miner's term for oolites, from which the
name "burley clay" originated) of diaspore are pres-
ent ,  whi le  the matr ix  a lso inc ludes p lates or  b lades of
diaspore, Figure 2 (3000X ). The estimated AlrO, con-
tent of this specimen is 55 to 60 percent, whereas that
of the fl int clay of Figure I is about 45 percent Alros.

First-grade diaspore, 68 percent AlrO, and higher,
and the in ter ior  of  "bur ls"  conta in dominant ly
blades, scales, or f lakes, some of them with irregular
or "lacey" edges, as seen in Figure 3 (3000X ). A
local, richest small lens of diaspore, I m long and 0.25
m thick, shows incipient recrystall ization of diaspore
within the massive body of the deposit, Figure 4



Fig. L Flint clay, Schaefferkoetter pit (3000x). Fig. 2. Matrix of burley clay derived from flint clay, a few cm from location of Fig I
( 3 0 0 0 X ) . F i g . 3 . F i r s t - g r a d e d i a s p o r e , e s t i m a t e d o v e r 6 S V o  A l O . . A p p r o x i m a t e l y l m f r o m l o c a t i o n o f  F i g u r e l ( 3 0 0 0 X )  F i g . 4 - V e r y
rich diaspore from a small, local, relatively permeable lens in the diaspore core of Schaefferkoetter deposit (2000X ), showing incipient
recrystal l izat ion Fig.  5.  Recrystal l ized diaspore f rom "surface boulder,"  near Swiss,  Missour i  (2000X).  Fig.6 Recrystal l ized surface-
boulder d iaspore,  Gaume pi t ,  near Aud, Missour i  (2000X).
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(2000X).  F igure 4 a lone may not  be convinc ing of
incipient recrystall ization. To best appreciate that ef-
fect, more striking views wil l be shown of "surface-
boulder"  d iaspore.

"Surface-boulder" diaspore originated, as the term
indicates, as residual boulders developed by weath-
ering at the surface of diaspore deposits exposed by
erosion. Probably this dates back to Pleistocene, but
cer ta in ly  the erosion sur face is  no o lder  than the
Eocene Wi lcox format ion (Bretz,  1965).  A micro-
graph from a "surface boulder" from near Swiss,
Missour i ,  is  shown in F igure 5 (2000X).  Another
micrograph of surface-boulder diaspore from the
now-depleted Gaume pi t  near  Aud,  Missour i ,  is
shown in F igure 6 (2000X).  The "sur face-boulder"
d iaspore is  present  in  wel l - formed,  indeed euhedral ,
re lat ive ly  large crysta ls ,  e.9. ,  2  pm by 4 'pm, in  com-
par ison to smal l ,  th in f lakes,  shown at  3000X magni-
fication for the pit-generated diaspore. Reexam-
inat ion of  F igure 4 shows inc ip ient  recrysta l l izat ion
wi th in a local  lens in  the massive deposi t ,  whereas
long exposure to weather ing solut ions developed ma-
tured,  large and wel l - formed tabular  crysta ls .

Smal l  boulders of  "sur face d iaspore"  consist
main ly  of  coarse crysta ls ,  whereas large boulders (a
meter across) typically revert from coarser crystals on
the outs ide to b lades and scales,  more l ike those in
Figure 3,  in  the in ter ior .  This  conf i rms that  sur face
weathering of diaspore promotes its recrystall ization.
The SEM i l lust rat ions are convinc ing (at  least  to  me)
that  recrysta l l izat ion of  d iaspore does take p lace un-
der an oxidizing, surface-weathering environment
(temperature and pressure) as has existed in central
Missour i  s ince ear ly  Eocene.

Geology and discussion

Diaspore in Missouri was formed from desil ica-
t ion,  as stated,  of  c lay minerals  deposi ted in  karst ic
depressions wi th in the Pennsylvanian Chel tenham
formation. This was referred with slight reservation
to the Atokan Ser ies-but  c lear ly  the Chel tenham is
below the Burgner formation which is post-Morro-
wan but  pre-Desmoinesian (Sear ight  and Howe,
1961,  p.  79) .  The t ime or  geologic date when genesis
of  d iaspore was concluded remained undetermined
unt i l  about  1950 when the Bueker d iaspore p i t ,  cov-
ered with Pennsylvanian-age rocks, was opened. At
this pit, the upper surface of otherwise fresh fl int clay
was "rotten" and oxidized (weathered) but covered
in sharp contact with overlying fresh, green, i l l i t ic,
mar ine (?) ,  th in Excel lo  shale.  This shale is  coform-
ablv over la in bv th ick.  indubi table Ft .  Scot t  l ime-

stone (Marmaton-Des Moinesian,  Sear ight  and
Howe, l96l ) .  The f ie ld re lat ionships and ident i f ica-
tions were discussed in detail by Keller (1952, 1968;
Keller et al., 1954). Thus fl int clay and diaspore were
deposited and formed in the Paleozoic geologic time
interval ,  Chel tenham to Ft .  Scot t !  Whereas ear l ier
hypotheses ( inc luding my own) of  or ig in of  the Mis-
souri refractory clay had been primarily by down-
ward leaching, evidence from later observations sug-
gested prominent upward leaching and flushing away
of metal ions (refractory fluxes) in fresh rain water by
way of  the Donnan ef fect  (Kel ler ,  1952,  1968;  Kel ler
et al., 1954).

Early reference has been made to a high-temper-
ature or ig in for  d iaspore.  Erv in and Osborn (1951)
studied phase equi l ibr ia  in  the system AlrOr-HrO and
reported that "the diagram shows pressure and tem-
perature min ima (2,000 lb/ in ' ,275"C) for  the stable
exis tence of  d iaspore.  .  .  . "  They a lso,  however,  rec-
ognized problems of  appl icat ion of  thei r  work to the
diaspore in  the sedimentary ref ractory c lays of  Penn-
sy l van ia .  Ke l l e r  e t  a l .  ( 1954 ,p .31 -34 )  cons ide red  the
work of  Erv in and Osborn and the d i f f icu l t  possib i l i ty
of  geologic h igh temperature in  the format ion of
Missour i  d iaspore,  but  decided in favor  of  a low-
temperature ongrn.

Kennedy (1959) reexamined the phase re lat ions in
the system Al2O3-HrO at  h igh temperatures and pres-
sures.  He seeded a lumina gel  wi th a smal l  t race of
diaspore crystals, and reported (p. 569): "The lowest
temperature at  which the d iaspore had appreciably
increased in quant i ty  and the crysta ls  increased in
s ize,  in  three months t ime,  were the two runs at22Oo
at  1000 and 1500 bars HrO pressure."  He wrote fur-
ther ,  however (p.  563) :  "The approximate s lope of
the boehmite-d iaspore boundary,  computed f rom
thermodynamic data,  ind icates that  d iaspore in  baux-
ite and clay deposits may have formed at atmospheric
pressures and temperatures,  a fami l iar  conclus ion
from field observations."

The SEM f igures in  th is  paper are ev idence that
d iaspore,  as i t  occurs in  Missour i ,  presumably d is-
solves and recrysta l l izes in  a temperature,  humid
weather ing envi ronment .  A var iety  of  possib le miner-
a logic  t ransformat ions are thus avai lable for  the solu-
t ion,  deposi t ion,  and recrysta l l izat ion of  a luminum
hydroxides in diverse clay and bauxite deposits. Re-
straint is called for in making an unreserved state-
ment  about  b lanket  " insolubi l i ty"  of  a lumina miner-
a ls  in  the zone of  weather ing.  Whi le i t  would be
presumptous to speculate from SEM photographs
the geochemistry of the surface solutions that mobi-
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lized the diaspore, the field occurrences of surface-
boulder  d iaspore do not  ind icate any s igni f icant ly
unusual  geochemical  envi ronment  in  which the re-
crysta l l izat ion took p lace.  Possib ly  complexing or-
ganic compounds,  such as tannic,  tar tar ic ,  or  sa l icy l ic
ac ids,  which can mobi l ize Al  (Huang and Kel ler ,
1972),  could have been contr ibuted by macro-p lants
or bacteria, but any direct record of them, if they
were present ,  was lost  dur ing ox idat ion of  the sur face
boulders of  d iaspore.  The geochemist ry  of  mobi le  Al
in  the geologic envi ronment  of  the ear th 's  sur face
inv i tes specia l ized study.

Note added in proof

Af ter  th is  paper was wr i t ten,  my at tent ion was
called by Professor Joe L. White to a report of crys-
ta l l izat ion of  d iaspore under 100oC. Wefers and Bel l
(1972) state in review that "Wefers (1967) synthesized
diaspore hydrothermal ly  below l00oC, us ing copre-
c ip i ta ted i ron and a luminum hydroxide gels as a
star t ing mater ia l .  Goeth i te,  a-FeOOH, which crys-
ta l l izes spontaneously under mi ld hydrothermal  con-
ditions, provided the substrate for epitaxial growth
of  the isostructura l  a luminum oxide hydroxide thus
reducing the nucleation energy for diaspore con-
s iderably."  Because goeth i te is  present  in  minor
amounts in  sur face boulder  d iaspore,  i t  may have
served as a template or catalyst for the recrys-
ta l l izat ion of  d iaspore at  ambient  temperatures.
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