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Mineralogy of manganese dendrites and coatings
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Abstract

Infrared spectroscopic study of desert varnish, manganese dendrites, river deposits, and
other manganese oxide concentrations of the terrestrial weathering environment has shown
that the morphological distinctions among them have a sound basis in di.fferences in their
mineralogy' The manganese oxide in manganese dendrites collected in surface exposures is
either romanechite or a hollandite-group mineral. These are mixed with varying amounts of
silicate minerals, which are a passive substrate for the oxide deposition. Dendrites collected in
underground mine workings are todorokite. Manganese stream deposits are generally birnes-
site with minor amounts of silicate minerals; one nsutite stream diposit has been identitred.
Crack deposit mineralogy resembles that of manganese dendrites. Cave and subglacial de-
posit mineralogy resembles that of manganese stream deposits. Although dendrites have long
been considered to be pyrolusite, no example of pyrolusite mineralogy has been identified.

Introduction

Manganese oxide concentrations are a cornmon
product of terrestrial weathering processes. Concen-
trat ions with var iable morphology, chemis_
try, and physical properties occur in diverse environ_
ments throughout the world: desert varnish in arid
and semi-arid regions, manganese dendrites yilhin
and on the surfaces of rocks, deposits within cracks
in rocks, and associated with rivers, caves, and gla-
ciers.

Determination of manganese oxide mineralogy of
these materials by X-ray difraction has been difficult
or impossible owing to the finely particulate and dis-
ordered nature of the manganese oxides and the
presence of silicate phases as major components of
the deposits. For this reason the structural and ge-
netic relations among them are poorly understood.

Infrared spectroscopy is particularly useful for
mineralogical analyses of manganese oxide concen-
trations. It eliminates ambiguity frequently caused
by silicate components (such as the confusion of ka-
olinite and birnessite). Because it is sensitive to short_
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range order, it provides mineralogical information on
even the most disordered and finely-particulate
phases. Its successful application to determination of
desert varnish mineralogy (Potter and Rossman,
1979a) led us to systematically investigate its useful-
ness for determinative mineralogy of the manganese
oxides (Potter and Rossman, 1979c).

This paper presents the results of a mineralogical
study of a wide range of manganese oxide concentra-
tions of the terrestrial weathering environment. In-
frared spectroscopy indicates distinct differences in
mineralogy which can be correlated with the mor-
phology of the deposit and its depositional environ-
ment.

Experimental

We prepared powdered samples as follows: milli-
gram quantities of the manganese oxide concentra-
tions were removed from their substrates by scraping
with a tungsten needle under 20x magnification. The
resultant material was examined under 40x, light-
colored contaminants removed, and the material
ground under toluene to a fine powder in a boron
carbide mortar and pestle. When carbonate was pres-
ent in the sampl€, it was removed by treatment with
1.0 M acetic acid for 5 minutes prior to any further
analysis. Manganese and iron oxides were extracted
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from the samples by the sodium dithionite procedure
(Mehra and Jackson, 1960), which was shortened to a
single 5-minute extraction to minimize the effect on
the silicates. Infrared spectra of the samples and their
dithionite-extracted residues were obtained with a
Perkin-Elmer Model 180 spectrophotometer on 0.50
mg of powdered sample dispersed in 200 mg KBr
and dried overnight at 120"C under vacuum to re-
move water adsorbed on the KBr. This treatment af-
fected only those infrared features due to adsorbed
water. In the figures we have presented spectra at
various percentages of their true intensities to facili-
tate comparison. The intensity for any sample may
vary by a factor of2 or 3 due to differences in its par-

ticle size and degree of dispersion in the KBr. We ob-
tained infrared spectra of the manganese oxides in
samples by computer generation of difference spectra
(for example, Fig. l). Absorption due to silicates was
renoved from a spectrum (Fig. lC) by subtracting
from it that fraction of the extracted residue spec-
trum necessary to null the absorption near 1000 cm-'
(Fig. lD), which is due wholly to silicates. The result-

I^IFVELENGTH <ntcnoNs I
8 1 0 1 5 2 5
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I^IRVENUMBEB <cn-1:
Fig. t. Infrared spectra identifying romanechite in manganese

dendrite No. 17: (A) romanechite standard No.34,41% intensity'

In this and subsequent figures the standard number refers to Table

I in Potter and Rossman (1979c\; (B) difference spectrum of C and

D, lWo intensity; (C) unextracted dendrite, 1007o intensity; (D)

extracted dendrite, 5 l7o intensity.
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ing difference spectrum (Fig. lB) is that of the man-
ganese and iron oxides in the sample. For desert var-

nish samples, where Mn and Fe are present in

comparable concentrations, features attributable to

both manganese and iron oxide are present. The

other deposits studied are either free of Fe or have it

in sufficiently lower concentration than Mn that it

does not interfere with the determination of manga-

nese oxide mineralogy. We used a scanning electron

microscope equipped with an energy-dispersive X-

ray analyzer for semi-quantitative chemical analyses.
X-ray powder diffraction was done with a Debye-

Scherrer camera using vanadium-filtered chromium
radiation.

Results

Desert varnish

The results of a detailed study of samples l-3

(Table l) have been reported elsewhere (Potter and

ior.-"tt, 1977, 1979a). The additional varnish sam-

ples listed in Table I confirm the generality of those

iesults. Desert varnish invariably consists of birnes-

site in intimate mixture with hematite and large

amounts of clay minerals. The clays are generally of

the illite-montmorillonite type with minor kaolinite,

but in several samples this concentration ratio is re-

versed.

Manganese dmdrites

We define manganese dendrites as those

manganese oxide concentrations which exhibit a

dendiitic pattern. They may be within the rock

matrix (internal), along fracture surfaces of the rock,

or on its surface.
Ring-structure manganese oxide minerals (Burns

and Burns, 1977\ ate characteristic of all three types

of manganese dendrites. With a single exception (No'

18) the manganese mineral present in the dendrites

has been found to be romanechite (Ba, HrO)rMn'O,o

or one of the following hollandite-group minerals:

hollandite, BaMnrO,u; cryptomelane, KMnrO,u;

coronadite,  PbMnrO,u. Figures I  and 2 ate

representative of the spectral data on which

mineralogical identification is based, although

generatio; ofdifference spectra was not necessary in

uil 
"n."t. 

We used chemical analysis to distinguish

di-fferent hollandite-group minerals because their

infrared spectra are identical in the 4000 cm-' to 200

cm-' regi,on. Distinguishing features between the

romanechite of Figure I and the hollandite of Figure

2 are the position of band near ?00 cm-', the relative

intensity of the band near 600 cm-' (which is

D
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Table l. Sample information

Accessory  minera loBy Chemis t !y

2

3

5

1

8

9

L O

I 1

L 2

S o u L h u e s c e r n  U n i E e d  S t a t e s

A r g u s  P e a k ,  C a .

A f E o n  C a n v o n ,  C a

B e e c h r o r t h ,  A u s c r a l i a

o r o  P r e E o ,  B r a z i l

S o u c h e a s t e r n  U n i c e d  S c a c e s

S o u . h e a s E e r n  U n i r e d  S r a E e s

h ,  P b / c a l / z n ,  c u , A t .  s i  ,  r e

h / K ,  C a l /  S i ,  A l ,  F e

h ,  s  i ,  B a l A 1 , C a l / M g ,  P b ,
I e , N a

M n , s i  , 4 1 /  c a , T i /  / F e , K ,  P b

c a , M n ,  s i / B a l  / K , M r ,  A r

h ,  s i  ,  B a l K / / C a , A l  ,  P b

u n ,  s i , M 8 l A 1 ,  B a l /  C a

M n , B a l / s i , c a , K

M n / K / / B a ,  s l ,  4 1 , M s

M n / B a l  K , A 1 ,  S t  /  / c a

H n ,  r e  ,  C a l  S 1 /  / K ,  B a

U n ,  S i  ,  F e ,  C a l c l , A 1 l / M g , N a

S 1  , M n ,  I e , A 1  / c a  , M 8 / /

h ,  F e / c a l  / A 1 ,  s i / N i ,  B a

S i , A l , h , C a , I e l / ' T i , K , M g

h /  / A l ,  k ,  S i ,  C a  ,  K ,  F e

r h ,  S 1  ,  A 1 ,  f e / C a l / K ,  z n

M n / s i , K / / A I

S 1  , A 1  , h ,  F e , l s / C a  , R / /

S i , A l ,  F e , h / K ,  T i  , C a l  / M 8

M n ,  S 1  , A 1 /  / K , C a , U g ,  F e

M n .  B a l  S l .  A l . M q /  / (

coa t lnS on  andes i re  bou lderg

coat inS o .  sMl l  quar tz l te  ourc rop

coat lng  on  deserE pavehent  rhyo l l re
and quar tz  cobb les

sr reaked "s ta in"  coar lng  qu€r rz
cons loneraEe canyon wa l ls

coat lng  on  sna l l  sandsrone ou tc rop  and
deser t  pavenenE dac i te  porphyry  cobb les

coat idg  on  basa l r  ourc rop

coat lng  on  dese! r  pavenenc basa l t  cobbtes

coat lnS on  co l luv ia l  gne iss  and horn fe ls

coaElnS on a l luv ia l  l l nesron€ cobb les

coaEing  on  dese l t  pavenenr  vo lcan lc  rock

coat ing  on  sna l l  banded l lon  fo tu t lon

coathg  on  basatc  bou lde ls

coat ln t  on  cher r  a r r i fac r  1n  d .ser r

coar ins  on  basa l t  cobb le

sur f i c ia l  dend l i tes  up  ro  I  m rh lck  on
a l luv ia l  sandsEone cobb le

in te rna l  dendr i tes  <  100 !n  th lck  ln

f rac tu re  sur face  and in te rn6 l  dendraEes
< 100 !h  ch lck  on  pe8mr l t l c  fe ldspar

sur f tc la l  and in te rna l  dendr l t . s  up  ro
I  m rh ick  on  peghat i t€

t lac tu re  sur fac€  dend l i tes  up  ro  I  m
t h i c k  o n  s i l t s l o n e  o u r c l o p

i n r e r n a l  d e n d r i r i c  s t a l n  1 n  s l l t . t o n e

inEerna l  dendr iE ic  s ta in  lb  ca lc . r .oue
c lays tone a l luv ia l  bou lder

sur f i c ia l  dendr i les  up  to  I  m rh lck  on
a l t u v i a l  v o l c a n l c  ! o c k

s u r f i . i a l  d e n d r i t e s  u p  t o  1  6  t h l c k  o n

ln rerna l  dendr lEes  <  100 !n  rh ick  ln
micaceous tane l lae  o f  quar tz  n lca  sch ls t

ve ins  o f  purer  macer ia l  ln  concrer lone o f
ox ide  and c lay  f ron  a  d ry  a r reanbed

coar ing  on  pebb les  o f  var led  l l rho logy
f ron  a  d ry  s t reanbed

c o a t i n s  r  1 0 0  ! h  t h t c k  o n . t r € a r b c d
q u a ! r z i c e  c o b b l e s

coaEing  <  100 um th ick  on  s t reahbeo
g n e i s s . o b b l e s

coat ing  <  100 !m rh ick  on  bade l t  cobb les
in  sp lash  zone

concrer io .s  in  s t . .am a1 luv lum

c o n . r e E l o n s  i n  s t r e a n  a I l u v l u n

m o u n c a i n s l d e  d e p o s i c  p r o b a b l y  a s s o c i a t e d
F i t h  a  s p r i n S

c o a t i n g  <  1 0 0  ! n  r h i . k  o n  s l t r s t o n e  o u c c r o p
s u r f n c e  u n d e .  s t a . i e r

. o a E l n g  <  I 0 0  ! m  o n  s i l r s t o n €  o u r c l o p
s u . f u . e  u n d e r  e l a c i e r

coaEing  up  to  1  nF th lck  on  gran i te  ou tc rop
n e a r  a  w a t e r  s e e P

coac lng  up  to  I  ton  ch ick  on  vo tcan ic  rock

c o a t l n S  u p  t o  I  m  a h i c k  o n  t l a n t r e  o u c c l o p
ln  a  eacer  seeP

coat lnS up  to  I  m th lck  on  Srant re  bou lders
l n  s t r e a n  s p l a s h  z o n e

.oa t ing  up  to  1  m ch i .k  on  a lan1te  1n  lake
o u t l e t  s t r € a n b e d

dendr l t l c  g rourh  on  shocked sandsrone

po l lshed sur face  o f  horn fe ls  wh lch  has  rh€
appearance o f  des€! t  varn tsh

m a n g a n e s e  d e n d r i E e s l 5

r 6

1 7

1 8

1 9

2 0
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2 3

2 5

2 6

2 7

2A

2 9

3 0

l 1

) 2

n i s c e l l a n e o u s  s a n D l e s

s u b B l a c i a l  d e p o s l E

c o u n r e r f e l t  M n

Q t z /  / c h L

r o h a n e c b i t e  +  ?

l a y e !  c l a y ,  i l l i r e ,  o r  n u s c o v l t e !  q h t c h  a r e  n e a r t y  t n d i s t i n a u l s h a b l e  b y
=  c a r b o n a c e ;  F l d  =  f e t d s p a r i  C t a  =  u n l d e n r l f i e d  c t a y  n l n e l a t :

e  u s e d  t o  i n d l c a t e  r o u S h l y  c h e  r e t a t l v €  a n o u n c s . t  r . " " " . . . "  D l n e r a r s  a n d
s lash  are  presenr  in  such h18h concent ra r ton  rhar  rhey  dm1;are  the  ln f ra red
i e n t  c o n c e n r ! a t 1 o n  t h a t  r h e y  s l 8 n l f l c a n r l y  a f f e c r  t h e  s p e c t r h .  A . c e s s o r y
o s c o p y  b u t  a r e  p r e s e n t  i n  l o o  1 o s  a  c o n c e n t r a t l o n  r o  s 1 g n 1 f 1 c a n c 1 y  a l E e r
mlnant  consr i tuents i  chose bereeen s lDg le  and doub l€  s tashes  ar€  hhor
.  Th is  l s  based rough ly  on  peak  he iShr  f ro f r  Ehe ene l ty  d lspers lve  X- ray
s  a n d  s a n p l e  l o c a l i r l e s  a l e  f o u n d  1 n  A p p e n d l x  B ,  p o t r e r  ( 1 9 7 9 ) .

* {No lse  inc roduced bv  the  Senera t ion  o f  d i f fe rence spec t .a  1s  Eoo la rge  Eo a l loe  de teminar lo .  o f  nanganese n ln€ra lo ty  hs tead,  1 r  1s  in fe r red  f lo 'd r r e c c  c o n p a r i s o n  E o  o t h e r  s p e c c r a  o f  r h e  s a n e  p h e n o m e n o n . r t l  
" r n r i . .  

a c c e s s o r y  m 1 n e r a l s .
tAn i ron  ox ide  Phase ls  Present .  I t s  n lne la lo8y  sas  Doc de termined,  buc  1 t  i s  p resuDed co  be  bemat iEe on  the  bas ts  o f  co tor .

l l  J a c k s o n  c l a c i e r ,  X o n t

14  Khuhbu Res ion ,  Nepa l

3 5  S i e r r a  N a r l  F o r e s r ,  c a

16 Cady Mtns  ,  Ca

3 7  5 i e r . a  N a E l  F o l e s r ,  C a .

1 8  R o c k  C i e e k ,  C a

39 Sumi r  Meadow Lk  ,  Ca

4 0  i l € t e o r  C r a r e r ,  A 2

4 l  A n r a r c r l c a

F e / A t , M n . s 1 / /
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NRVELENGTH (MIcEoNS)
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Fig. 2. Infrared spectra identifying hollandite-group mineral in

manganes€ dendrite No. 24:. (A) cryptomelane standard No. 28'

28Vo intersity; (B) difference spectnrm of C and D, lWo intensity;
(C) unextracted dendrite, 1007o intensity; (D) extractcd dendrite'
75% intensity.

prominent in the hollandite-group minerals and only
a shoulder in romanechite), and the presence of the
weak band near 450 cm-' for romanechite. In
addition, romanechite has HrO absorption bands at
3520 cm-', 3470 cm-', and 1605 cm-' (Fig. 7), which
distinguish it from all other manganese oxides. Our
chemical data (Table l) show high Ba concentrations
in those samples with romanechite mineralogy and
thereby support the infrared results. The single
example of a non-channel structure manganese
oxide, No. 18, was unambiguously identified as
todorokite, (Mn,Ca,Mg)MnrOr'H'O (Fig. 3). We
have found no dendrites with pyrolusite mineralogy.
The general  term "pyrolusi te dendri te" is a
misnomer and should be discontinued.

Manganese dendrites have no characteristic
accessory mineralogy such as the high concentration
of clay minerals in desert varnish. Some dendrites are
nearly pure manganese oxide. In others the
manganese oxide is mixed with various carbonate or
silicate minerals characteristic of the weathering
environment. These accessory minerals are not

necessarily involved in the dendrite formation
process. The fracture-surface dendrites of sample No'

17 ,pp"u, to be a local staining of clay minerals
ptet*t throughout the fractures. Accessory minerals

of th" ittt"-al dendrites are in many cases simply the

minerals of the rock matrix in which the dendrites

have formed.
Manganese dendrites do not generally have a high

degree of chemical homogeneity. The manganese

concentration varies greatly throughout the stained

area in those dendrites which are not pure oxide' In

most dendrites areas tens of microns in size can be

found which are predominantly manganese oxide'

The chemical analyses in Table I are from these

areas. In other areas the dendrite chemistry is

dominated by the accessory minerals. Manganese

dendrites appear to be manganese oxide sesfings on

a substrate composed of the accessory minerals' We

have found only trace quantities of Fe in manganese

dendrites. This distinguishes them from other

manganese concentrations, which generally contain

Fe as one of the major constituents.

Stream deposits

Our stream deposit samples include coatings on

stones from both the streambed and the splash zone,

and concret ions from stream al luvium. The

dominant manganese mineralogy of these samples is

birnessite, (Na,Ca,K)MorO,o' 3HrO. Figure 4 is

representative of the spectral data on which this

mineralogical identification 'is based' The two

intense, poorly resolved bands near 500 cm-' are
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I, ' IRVENUMBEB <cr-1>
Fig. 3. Infrared spectra identifying todorokite in manganese

dendrite No. l8: (A) todorokite standard No. 55, 1367o intensity;

(B) unextracted dendrite, 1007o intensity.

B
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characteristic ofbirnessite and distinguish it from all
other manganese oxides (Potter and Rossman.
1979c), although it is easily confused with some
todorokite samples. Most todorokites have spectra
distinct from that of Figure 4C (Fig. 3,{ for
example), but the spectrum of highly disordered
todorokite (Fig. aA) is similar. The nearly equal
intensity of the two major absorption bands of
Figure 4C and, the positions of the weak shoulders at
higher wave number indicate a birnessite rather than
a todorokite mineralogy. eualitative chemical
analyses of the river deposits support a birnessite
mineralogy. Invariably Ca and/or K are present in
minor amounts. Nowlan (1976) has found birnessite
in one stream in Maine and noted that many samples
from his other Maine localities (among which are our
samples No. 30 and 3l) have the two broad X-ray
lines characteristic of 6-MnOr, which is thought to be
a disordered birnessite (Buser et al.,1954).

We have identified sample No. 3l as nsutite.
Mn(O,OH)r.xHrO, on the basis of its infrared
spectrum (Fig. 5) and chemistry. The spectrum of
sample No. 3l is characteristic of nsutite in the
broadness of its band near 580 cm-' and in the
positions of the weak bands at energies lower than
400 cm-'. However, the reliability of identification on
this basis alone is questionable because of the strong
similarity between the infrared spectra of sample No.
31 and the hollandite-group minerals. eualitative
chemical analysis which indicates only traces
of cations other than Mn confirms the nsutite
mineralogy. Because of differences in cation ab_
sorption properties, this mineralogical diference may
have profound effects on the use of trace elements in
manganese oxides for geochemical exploration.

Stream deposits do not, in general, exhibit the high
degree of separation of manganese from iron seen for
the manganese dendrites. We found Fe to be a major
constituent of many of the stream samples. More
extensive chemical analyses (Carpenter et al., 1975;
Nowlan, 1976) indicate that this is generally true for
Turkey Creek, Pyrite Creek, and Shawn Creek.
Nowlan's report of nearly equal amounts of Mn and
Fe in Pyrite Creek deposits represents the average
composition; our analyses are of the manganese-rich
areas.

Cave deposits

The two cave deposits examined are both
predominantly birnessite and resemble the river
deposits in all respects, which is not surprising since
they came from dry streambeds in caves. Birnessite
and romanechite have previously been reported from
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Fig.4. Infrared spectra identifying birnessite in stream deposit
No. 3 l: (A) disordered todorokite standard No. 57 , l20Vo intensity;
(B) birnessite standard No. 47, l007o intensity; (C) difference
sp€ctrum of D and E, lWo intensity; (D) unextracted deposit,
1007o intensity; (E) extracted deposit, l47ointensity.

caves (Moore and Nicholas, 1964), where they form
coatings on stream cobbles and soot-like layers on
walls and other cave surfaces.

Miscellaneous

Subglacial manganese deposits: We have examined
samples from two areas where a receding glacier has
exposed bedrock surfaces stained with manganese
oxides. The infrared spectrum of the manganese
oxide is attributable to either a disordered birnessite
or a disordered todorokite (Fig. 6). The latter is a
better match, although the intensity of the lower-
energy birnessite band is variable. We suggest (potter
and Rossman, 1979c) that birnessite and todorokite
disorder to the same structural entity. If this
suggestion is correct, a continuum exists between the
two structures, and as disorder increases the
distinction between the two minerals becomes
meaningless. Except for a slight increase in the
amount of chlorite, the bulk of the stained material
does not differ from the rock matrix, which is
predominantly quartz. In both samples Fe, probably
as iron oxide, is a major constituent. It appears that
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Conclusions

Our results indicate that distinctions between man-
ganese oxide concentrations based on their morpho-

logic relations in the terrestrial weathering environ-

mint have a sound basis in terms of the mineralogy
of the manganese oxides and their accessory miner-

als. Desert varnish, manganese dendrites, and stream

deposits each have a characteristic mineralogy which

reflects their diferent morphologies and environ-

ments. Desert varnish is composed predominantly of
illite-montmorillonite and kaolinite clay minerals
with lesser and somewhat variable amounts of hema-

tite and birnessite. In manganese dendrites, the man-
ganese is generally present as romanechite or a hol-

landite-group mineral and is sometimes the major

constituent of the dendrites. The accessory silicate

mineralogy is variable, and iron oxide is present in

only minor amounts. Manganese oxide of a birnessite
mineralogy is the dominant phase in manganese
stream deposits, but minor iron oxide and clay min-

I,,IRVELENGTH < utcnoNs >
8 1 0 1 5 2 5

1200 1000 800 600 r'100

l,'IFVENUMBEB < cr-1 >

Fig. 6. Infrared spectra identifying birnessite in subglacial

deposit No. 33: (A) disordered todorokite standard No. 57' 75%

intensity; (B) birnessite standard No. 47, 607o intensity; (C)

difference spectrum of D and E, lOVo intensity; (D) unextracted

subglacial deposit, 100% intensity; (E) extracted subglacial

deposit, 53% intensitY.

1200 1000 800 600 '100
hRVENUMBEB <cn- l>

Fig. 5. Infrared spectra identi$ing nsutite in river deposit No.

30: (A) cryptomelane standard No. 28, ll07o intensity; (B) nsutit€

standard No. 16, 8870 intensity; (C) unextracted river deposit,

100% intensity.

the manganese oxide is deposited on the rock in
relatively pure form.

Crack deposits: The two manganese crack deposits
we have examined resemble manganese dendrites in
manganese mineralogy, accessory mineralogy, and
iron content. We have too few samples to generalize
from these results. These crack deposits formed at
unknown depth within the rock, and should be
distinguished from more surficial crack deposits
which have formed within the upper few centimeters
of the crack in association with desert varnish at the
surface and iron oxide-clay deposits deeper in the
crack. The appearance and association ofthese latter
deposits suggests that they resemble desert varnish in
mineralogy and composition.

Counterfeit manganese deposits: Polished surfaces'
organic matter, and iron oxide with traces of
manganese oxide can each give the appearance of a
manganese oxide stain. Although careful field
examinat ion can general ly dist inguish these
phenomena from manganese concentrations, it is
sometimes neoessary to ascertain the presence of
manganese oxide by laboratory tests. Several
examples are listed in Table 1.
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erals are generally present. The diverse minslnlsgy
previous workers have reported for manganese soil
concretions (Taylor et aI., 1964; Gallaher et al.,1973:
McKenzie, 1977; Ross et al., 1976; potter and
Rossman, 1979b) contrasts with desert varnish.
manganese dendrites, and stream deposits. This
reflects the wide range of environmental condi-
tions possible in soils. Data on several subglacial
deposits and crack deposits suggests that the
former resemble river deposits, and the latter re-
semble manganese dendrites. This is reasonable
in terms of the environnental conditions.

The characteristic differences may reflect differ-
ences in the formation mechanisms of the manganese
deposits and are therefore useful in further under-
standing these mechanisms. The variable mineralogy
and quantity of manganese-dendrite accessory min-
erals and their frequent similarity to minerals of the
rock matrix argue strongly that they are simply pas-
sive contaminants. We can rule out several of the
possible factors which might control a romanechite
ys. hollandite-group mineralogy in manganese den-
drites. The presence of Ba does not direct the miner-
alogy to romanechite, as evidenced by the presenoe
of hollandite in three dendrites. Rock lithology
shows no correlation with mineral species, nor does
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the relation of the dendrite to the rock (internal, frac-
ture surface, or surficial). Romanechite is stable to
conversion to hollandite up to at least 400"C (Fleis-
cher, 1960), so that thermal history, except as it may
influence primary mineralogy, is probably not an im-
portant factor in this regard. The relation between
romanechite and hollandite is a closer one than dis-
tinct mineral names might suggest. Turner and Bus-
eck (1979) have shown that intergrowth occurs be-
tween the two minerals at the level of the unit cell
and have explained variations in romanechite X-ray
diffraction patterns on that basis. Several of our sam-
ples have infrared spectra intermediate between
those of romanechite and hollandite (Fig. 7). This
may be the result of intimate structural intergrowth,
although it could be explained by an intimate phys-
ical mixture. We found no evidence for mixed phases
under the scanning electron microscope. The in-
tensities of the water absorption bands in the 4000
cm-' to 1400 cm-' do not follow the trend set by the
absorption bands in the 1400 cm-' to 200 cm-' re-
gion, which are due to vibrations of the ring frame-
work of MnOu octahedra. This reflects the variable
amounts of water in romanechite and suggests that
water is not important in controlling the mineralogy.

At the Cady Mountain locality we found desert
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Fig. 7. Infrared spectra illustrating the range between pure romanechite and pure hollandite structures: (A) cryptomelane (hollandite-
group) standard No. 28, 90Vo intensity; (B) creek deposit No. 36, diference slrcctra at 1057o intensity (minor quartz absorption removed);
(C) manganese dendrite No.22,94% intensity; (D) romanechite standards No. 38 (4000 cm-,-1460'cm-t; ana No. 34 al4m cm-t-2fi)
cr,n-l1, lMo intensity.
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1226 POTTER AND ROSSMAN: MANGANESE DENDRITES

varnish (No. l0) and crack deposits (No. 36) devel-

oped within a meter of each other. Several meters

away were manganese dendrites (No. 22). The var-

nish has birnessite, and the crack deposit and den-

drites are romanechite-hollandite intergrowths (Fig.

7). Clay minerals are not detectable in either the

crack deposit or the dendrites. It is not known how

far below the ground surface or at what time the

crack deposits and dendrites formed, but the occur-

rence in close proximity of manganese oxide concen-

trations which differ markedly in mineralogy sug-

gests that the accessory clay minerals may be an

important factor in controlling manganese oxide

mineralogy. Although the presence of clay minerals

is not a sufficient condition for birnessite formation
(some manganese dendrites have appreciable clay as-

sociated with hollandite or romanechite), it appears

to be necessary. Clay minerals are an integral part of

desert varnish, which invariably has birnessite. All

stream deposits with birnessite mineralogy are associ-

ated with clay minerals. The only stream deposit

lacking clay minerals is the nsutite from Pyrite

Creek. Environmental conditions do not appear to be

responsible for the distinctive mineralogy of the Py-

rite Creek deposit. The Shawn Creek deposit has the

normal birnessite mineralogy. These two streams are

within 20 km of each other in western Maine and dif-

fer only in water trace-element chemistry (Nowlan,

1976). Pyrite Creek water is anomalously high in Pb

and Zn, but we know of no reason why this should

lead to nsutite formation.
Burns and Burns (1977) have suggested that epi-

taxial growth on iron oxides may be responsible for

the occurrence in marine manganese nodules of
6-MnOr, which is believed to be a disordered birnes-

site. With the exception of some birnessite soil con-

cretions (Taylor et al.,1964), there is a good correla-

tion between birnessite mineralogy and iron content

in manganese oxide deposits of the terrestrial weath-

ering environment.
Infrared spectroscopy has provided mineralogical

information on deposits which are too poorly crystal-

line, too finely particulate or too highly contaminated

with other crystalline phases for successful study by

X-ray diffraction. It is hoped that infrared spectros-

copy will find wider application to more detailed in-

vestigation into the genetic nature and relationships

of the various manganese oxide concentrations.
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