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Abstract--Naturally occurring ammonium illites have been discovered in black shales surrounding a stra- 
tiform base metal deposit in the DeLong Mountains, northern Alaska. Infrared spectra of the samples 
exhibit pronounced absorption at 1430 cm -1, the resonant-banding frequency for NH4 + coordinated in the 
illite interlayer. X-ray powder diffraction characteristics of the ammonium illites include an expanded 
d(001) spacing, with values as large as 10.16/~, and ratios for 1001/1003 and I002/lo0s of about 2. Infrared 
analyses of physical mixtures of NH4C1 with a standard illite, and comparisons with synthetic ammonium 
micas indicate significant substitution (>50%) of NH4 + for K § in the illite interlayer position. Nitrogen 
determinations on two ammonium illites after removal of carbonaceous matter gave values of 1.48 wt. % 
NH4-- and 1.44 wt. % NI-I4 +. A survey of more than 150 different shale horizons indicates that the NH4 + 
content of the illites increases in proximity to the stratiform base metal mineralization. 
Key Words---Ammonium, Black shale, Illite, Infrared spectroscopy, Nitrogen, X-ray powder diffraction. 

INTRODUCTION 

Ammonium aluminosilicates have been synthesized 
under hydrothermal conditions in several studies. 
Barker (1964) replaced alkali cations in feldspar with 
NH4 + to yield a substance similar to buddingtonite, and 
Gruner (1939) created ammonium vermiculite by irre- 
versibly replacing interlayer H20 and Mg 2+ with NH4 +. 
Barrer and Denny (1961) used gels to synthesize an am- 
monium mica similar to muscovite and illite, and Eug- 
ster and Munoz (1966) synthesized ammonium phlog- 
opite and ammonium muscovite. 

The discovery of the ammonium feldspar budding- 
tonite by Erd et al. (1964) first demonstrated the sub- 
stitution ofNH4 + (8.3 wt. %) for K + ions in natural alu- 
minosilicates. Since then, expandable dioctahedral 
micas with as much as 1.77 wt. % NH4 § (Yamamoto 
and Nakahira, 1966) and about 2.0 wt. % NH4 § (Hi- 
gashi, 1978) have been found in altered andesitic rocks 
in Japan. However, until now, except for trace amounts 
(<2%) ofNH4 § in interlayer sites (Vedder, 1965), non- 
expandable natural ammonium phyllosilicates have not 
been reported. 

The ammonium illites described in this study occur 
in upper Mississippian black shales and cherts that host 
the Lik stratiform Zn-Pb-Ag deposit (T32N, R20W) in 
the DeLong Mountains in extreme northwestern Alas- 
ka (Sterne, 1981). Similar base metal deposits in the 
Red Dog Creek (Plahuta and Robinson,  1979) and 
Drenchwater Creek (Nokleberg and Winkler, 1978) 
areas occur in the same structural/stratigraphic se- 

1 Present address: Amoco Production Company (USA), 
Amoco Building, 1670 Broadway, Denver, Colorado 80202. 
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quence as defined by Churkin et al. (1979). The authors 
believe these to be the first natural illites reported to 
contain significant amounts of NH4 § in solid solution 
with interlayer K § 

EXPERIMENTAL 

Shale samples were collected every 10 or 20 ft from 
diamond drill cores that defined dip sections through 
the stratiform base metal deposit. Prior to sampling, the 
cores had been stored for 1 or 2 yr in an enclosed shed. 
The core was split with a diamond saw and packed in 
plastic or cloth sample bags for shipping and later stor- 
age. More than 150 different shale horizons were ana- 
lyzed from the ore zone and from the footwall and hang- 
ing wall strata of the deposit. Because the shales 
bracketing the sulfide horizons are well indurated and 
commonly very siliceous, special preparation was re- 
quired to obtain an ample clay fraction that was not 
contaminated by siliceous material. About 150 g of 
sample was fragmented in a jaw crusher, reduced to 
coarse granules in a rotary pulverizer, and wet sieved 
to remove any micrometer-size siliceous particles pro- 
duced during the previous steps. The samples were dis- 
aggregated for 1 hr with a Branson Sonifier (Cell Dis- 
rupter 185). During the disaggregation the clay slurry 
was decanted every 15 min without being allowed to 
settle, saved, and replaced with fresh tap water. The 
clay slurry was washed and peptized with sodium py- 
rophosphate to facilitate dispersion. The <2-/~m size 
fraction was isolated by centrifugation, concentrated 
in a high-speed centrifuge, and pipetted onto a glass 
slide or centrifuged onto a porous ceramic plate. Glass 
slides were dried in an oven at 100~ porous plates 
were dried at 60~ 
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Figure I. Infrared spectra of ammonium mites and Silver Hill 
illite in KBr disks. 

The samples were examined on a Siemens D500 Dif- 
fractometer using Cu radiation in conjunction with a 
diffracted beam graphite monochrometer.  For  accurate 
peak positions, chart speeds of 4 to 5 times the goni- 
ometer  scanning rate were used, and the peak position 
was estimated by the half-height method. Quartz in all 
samples provided an internal standard for calibration 
of 20 positions. Peak intensities were measured using 
a digital step scanning procedure that subtracts a linear 
background and integrates the remaining area under the 
peak. Porous ceramic plates were used for all intensity 
measurements to ensure an effective infinite thickness 
(1 mm) of the sample that precluded loss in intensity for 
higher order peaks. 

Carbonaceous matter was removed by Anderson 's  
(1963) technique of boiling the samples at pH 9.5 in a 
NaOCI (commercial bleach was used) solution for 15 
min, followed by rinses with 1.0 N HCI and distilled 
water. 

Infrared OR) absorption spectra were prepared using 
KBr  disks that were approximately 10% clay and a Per- 
kin Elmer 599 spectrophotometer.  The Lambert-Beer  
law, as it applies to IR analysis is given by 

I = I0e -Ev'c'z (1) 

where I and I0 are the intensities of the transmitted and 
incident radiation, respectively,  Ev represents an em- 
pirical molar extinction coefficient that is specific to the 
substance, and C and l are the concentration and the 
thickness of the disk, respectively. The absorbance (A) 
is defined as, 

A = ln(I0/I) = E v . C ' l  (2) 
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Figure 2. X-ray diffraction patterns of ammonium illites and 
Silver Hill illite from oriented aggregates on porous ceramic 
plates using CuKa radiation. 

Maximum absorbance or minimum transmittance oc- 
curs at the resonant frequency of molecular bonds with- 
in functional groups such as OH- or NH4-. 

Absorbance bands were measured using a standard 
baseline technique. For  the OH band. where two base- 
line choices are possible (Figure 1) the baseline with the 
lower slope was selected because small errors in its as- 
signment introduce less error  into the final I0 value. I0 
was read at the intersection of the baseline and the res- 
onant frequency. The resonant frequency occurred at 
the point of minimum transmittance. I. The values for 
I0 and I were used in Eq. (2] to obtain the total absor- 
bance for each band. For  this study all samples were 
run in the linear absorbance mode where A0 and A are 
measured in a manner analogous to that for I0 and I. 
The difference between A and A0 gives the total absor- 
bance for the band. 

RESULTS 

Figure 2juxtaposes  X-ray diffraction (XRD) profiles 
for two ammonium illites with that of a standard, the 
Silver Hill illite of Hower  and Mowatt (1966). Although 
they are similar in size, NH4 + has an ionic radius of 1.43 
/~, slightly larger than that of K § (1.33 /~) (Wlotzka, 
1972). Solid solution of NH4 + in interlayer positions 
expands the illite structure, giving a larger d(001). The 
ammonium illite in Figure 2 has a d(001) value of 10.16 
/~ which contrasts sharply with the normal 9.98-10.0/~ 
Value of  the Silver Hill illite. The most obvious effect 
of the expanded structure is the resolution of the am- 
monium illite 003 peak from the quartz reflection at 
26.65~ Normally these two are either superimposed 
or the illite peak appears on the high angle side of  the 
quartz peak. 
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Figure 3. Ratio of NH4 + and OH- infrared absorption bands 
(Ar~H/AoH) vs. 002 peak position for untreated ammonium il- 
lites. 
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Figure 4. Ratio of NH4 + and OH infrared absorption bands 
(A~H/Ao.) vs. 002 peak position for ammonium illites with or- 
gapScs removed. 

IR spectroscopy provides additional evidence of the 
NH4 + content of the illites. Figure 1 compares the IR 
spectra of two ammonium illites with different NH4 + 
contents with the spectrum of the Silver Hill illite. The 
sharp absorbance band at 3630 cm ~ in all three spectra 
corresponds to the resonant-stretching frequency for 
OH functional groups. This band provides a measure 
of the total illite concentration because the number of 
OH bonds in the crystal structure remains constant re- 
gardless of the degree of NH4 + substitution for K +. The 
ammonium illites absorb strongly at 1430 cm -1 corre- 
sponding to the resonant bending frequency of the 
NH4 § functional group. Vedder (1965) was the first to 
attribute this absorbance band to NH4 + in muscovites. 
The depth of the absorbance band gives an estimate of 
the NH4 + content of the sample. By inspection, it can 
be seen that the upper trace in Figure 1 represents the 
more ammonium-rich phase. Note that the Silver Hill 
illite exhibits no absorbance in the NH4+-bending re- 
gion. The broad absorbance between 2500 and 3500 
cm -1 represents overlapping absorbance bands for 
stretching and librational movements of N - H ,  Si-O, 
and O-H functional groups. This region was not used 
because the samples contain variable amounts of 
quartz. 

Ten samples were chosen for IR analysis that cover 
the range of peak shifts observed from XRD. The rel- 
ative NI-I4 § content of the illite was estimated by taking 
the ratio of absorbance due to NH4 § (ANn) to the ab- 
sorbance due to OH- (Aon). This normalized NH4 § 
content was plotted against a measure of the d(001), 
namely, the position of the 002 reflection for each sam- 
ple. IR and XRD data were obtained for each sample 
in its untreated state and after "total"  organic removal. 
A fair correlation (r 2 = 0.76) exists between the NH4 + 
content and the 002 peak position of untreated samples 
as shown in Figure 3. The three samples that plot off 

the graph in Figure 3 contain calcite which has its major 
absorbance at 1440 cm -~ and were not included in the 
regression analysis. Acid treatment performed during 
the NaOC1 treatment removed all calcite IR interfer- 
ence and allowed the points to be included in the final 
regression analysis. Following the first NaOCI treat- 
ment the color of the samples changed from black to 
various shades of grey indicating partial organic re- 
movaL. After the second NaOC1 treatment the samples 
turned brown, red or white indicating "total"  organic 
removal. The regression line in Figure 4 (r 2 = 0.96) in- 
dicates an apparent linear correlation between NH4 + 
content and d(002). The regression line intersects zero 
NH4 + content (ANH/AoH = 0.0) at 17.8~ or near the 
002 position for normal potassium illites. 

Organic removal decreases the amount of IR radia- 
tion blocked by opaque organics in the sample, raises 
the signal to background ratio, and thereby reduces the 
data scatter. Successive rational peak shifts to higher 
values of 20 exhibited by some samples indicate partial 
destruction of interlayer NH4 + during the oxidation 
process. The shifts rule out the possibility that ammo- 
nium illite is somehow created during the oxidation pro- 
cess. Note that the regression line in Figure 3 is the 
same as in Figure 4 and that the apparent NH4 + content 
is not lowered by the removal of organic material. Thus, 
the NH4 + content of the organic material appears to be 
negligible. 

Ammonium contents of the illites were bracketed in 
two ways: 

(1) Physical mixtures of Sylvan illite (Hower and Mo- 
watt, 1966) and known amounts of NH4C1 were ana- 
lyzed by IR spectrophotometry. The ratio of NH4 + 
and O i l  absorbances was plotted against the ratio 
of moles NH4 + to the sum of moles ofNHa § + illite 
(mole fraction NH4+). The slope of the regression 
line depends on the molar extinction coefficient 
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Figure 5. Ratio of NH4 + and OH- infrared absorption bands 
(ANH/Aon) vs. mole fraction of NH4 + (moles NH4+/moles 
(NH4 + + illite)) for physical mixtures of Sylvan illite and 
NH4CI. 

(Ev) which varies proportionally to the polarization 
of the functional group or inversely with the coor- 
dination number (C.N.) (Van der Marel, 1966). It 
follows that absorbance for a given functional 
group, in this case NH4 +, will be lower as polari- 
zation decreases and as C.N. increases. Because 
NH4 + in the illite interlayer site has a higher C.N. 
(XII) than in NH4CI (VI), the regression line for 
ammonium illite will plot with a lower slope than 
the regression line for NH4C1. The minimum NH4 + 
content for any sample can be estimated by finding 
its absorbance ratio from Figure 4 and reading the 
corresponding mole fraction from the regression 
line in Figure 5. 

(2) Eugs te r  and Munoz (1966) gave the 002 peak posi- 
tion as 17.175~ for their synthetic ammonium 
muscovite (NH4A12A1Si3010(OH)~). IR data for 
their material are not available, however,  a tenta- 
tive estimate of ANn/Aoa can be obtained by ex- 
tending the regression line in Figure 4 to 17.175~ 
By assuming one mole of NH4 + per mole of mica 
and knowing that the clay contains no NH4 § at 
about 17.8~ linear interpolations between the two 
points give the mole fraction of N H J  for any of the 
samples. The amount of NH4 + per mole of clay can 
then be calculated from the mole fraction of NH4 +. 
The values obtained represent maximum NH4 + 
contents because the assumption has been made 
here that all interlayer sites are occupied in the syn- 
thetic material. 

Results from the first technique indicate that the sam- 
ple with the most N H C  contains about 0.4 moles NH4 + 
per mole of clay, or 53% NH4 + substitution for K +, as- 
suming 75% total site occupancy. By the second tech- 
nique, the maximum NH4 + content for the ammonium 
illites is about 0.6 moles NH4 + per mole of clay, or 80% 

Table 1. N, C, and H determinations for samples before (A) 
and after (B) organic removal. NH4 + wt. % calculated from 
N wt. %. Percentage of interlayer cations derived using 6.16 
wt. % K + as an approximate interlayer population. 

% 
In te r -  

~ l a y e r  
(002) N % C % H % N H 4  + % c a t i o n  

41-A 17.412 1.24 6.14 0.97 1.59 55.9 
41-B 17.437 1.12 0.23 0.81 1.44 50.7 
IO-A 17.426 1.30 5.15 0.93 1.67 58.7 
10-B 17.461 1.15 0.09 0.77 1.48 52.1 

NH4 + for K + substitution assuming 75% total site oc- 
cupancy. 

Table 1 gives nitrogen, carbon, and hydrogen deter- 
minations (J. B. Bodkin, The Pennsylvania State Uni- 
versity, 1981) for two ammonium illites (<2-t~m) before 
and after organic removal. By converting the N values 
to wt. % NH4 +, and by assuming the median K + value 
(6.16 wt. %) for illites analyzed by Hower and Mowatt 
(1966), it was possible to estimate the percentage of in- 
terlayer cations comprised by NH4 + in samples 10 and 
41. Prior to organic removal this value exceeds 50%, 
assuming 75% interlayer site occupancy. Because Si 
was not determined, the NH4 + values could not be nor- 
malized for variable amounts of quartz in each sample. 
For this reason sample 41 has less NH4 + than sample 

Table 2. X-ray powder diffraction data for oriented aggre- 
gates of illites? 

~ d(/~) I : I  o ~  d(/~) I;Io (001) 

Natural ammonium illites, Delong Mountains 
8.75 10.106 100 8.585 10.30 100 001 

17.56 5.051 27.6 17.437 5.087 36.0 002 
26.55 3.357 42.3 26.30 3.389 52.2 003 
35.50 2.529 3.6 35.325 2.541 5.5 004 
44.875 2.020 15.3 44.575 2.033 20.0 005 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Silver Hill iUite Interlake illite 

8.785 10.066 100 8.85 9.992 100 001 
17.83 4.975 24.4 17.85 4.969 42.2 002 
26.95 3.308 72.8 26 .90  3.314 88.2 003 
35.95 2.498 4.9 36 .05  2.491 7.1 004 
45.55 1.991 24.9 45 .55  1.991 38.9 005 

--~z-;~o~-~ .... .  -d(~;)- .. . . . .  1~s . . . . . . .  ~66~; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Synthetic ammonium muscovite a 
8.5 10.4 100 001 

17.175 5.163 50 002 
25.87 3.444 50 003 

004 
43.793 2.067 15 005 

Random powder (Eugster and Munoz, 1966). 
1 CuKct radiation. 
2 Data for synthetic ammonium muscovite all from Eugster 

and Munoz (1966). 
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10 in the bulk sample, yet XRD indicates that sample 
41 has the more ammonium-rich illite fraction. It is not 
yet possible to quantify the regression line in Figure 4, 
however, the chemical determinations indicate that the 
first indirect method described above gives the closest 
estimate of NH4 + in the illites. 

As shown in Table 2 and Figure 2, the 003 reflection 
of both natural ammonium illites is about half as intense 
as the 001 reflection, and the 002 reflection is twice as 
intense as the 005 reflection. In contrast,  for a normal 
potassium illite, such as the Interlake illite (Hower and 
Mowatt,  1966), 003 is about 90% as intense as 001, and 
002 is slightly more intense than 005. Some octahedral 
Fe substitution does not affect the relative peak inten- 
sities as drastically as interlayer NH4 +. For  example, 
the iron-rich, Silver Hill illite (5.28% Fe20.3, 1.34% 
FeO; Hower and Mowatt ,  1966), exhibits a 003 reflec- 
tion about 80% as intense as the 001 reflection and a 002 
reflection that is slightly smaller than the 005 reflection, 
i .e.,  it is quite similar to the Interlake illite. 

Two factors contribute to the different relative inten- 
sities for the ammonium and illite peaks. At low 20, the 
Lorentz-Polarization factor increases rapidly with mi- 
nor peak shifts to lower degrees 20. The shift of the 001 
reflection of the ammonium illite to lower 20 causes it 
to be accentuated relative to the higher order reflec- 
tions. The other factor, the. atomic scattering factor, 
approximated by the electron number, is 10 for NH4 § 
or about half of 18, the value for K +. This difference 
accounts for the different relative intensities of the var- 
ious reflections for the two types of illite. 

Table 2 gives the relative peak intensities for two nat- 
ural ammonium illites, a synthetic ammonium musco- 
vite, the Silver Hill illite, and the Interlake illite (Hower 
and Mowatt, 1966). As mentioned above, the diagnostic 
intensity characteristics of the ammonium minerals in- 
clude large values of 1001/1003 and I00~/Io05, whereas for 
normal illites, these ratios are approximately unity. We 
have not listed calculated diffraction data for the am- 
monium illites because refined atomic coordinates for 
illite are not available. However,  preliminary calcula- 
tions incorporating the parameters used by Reynolds 
(1980), and substituting the scattering factor of NH4 § 
for K +, show essentially the same results as the inten- 
sity relations described above. 

DISCUSSION 

Farmer  (1974) warned of the appearance of spurious 
NH4 § IR absorbance bands due to the uptake by clays 
of air-borne, ammonia-based cleaning compounds.  
Such contamination has been considered and ruled out 
because of the many clays prepared in our laboratory 
under identical conditions, only samples from the suite 
described here contain ammonium illite. In addition, 
ammonia compounds are not used in the sample prep- 
aration, and ammonium salts were not used during drill- 

ing to obtain the cores. As all samples are taken from 
unweathered drill core, weathering effects need not be 
considered. 

Several tests confirm the illitic structure of the clays. 
Calculations of d(001) from the first nine reflections give 
percent variances of less than 0.25 for the ammonium 
illites in Table 1. Therefore, the diffraction patterns are 
rational, and the structures are not mixed layered. Al- 
though minor amounts of expandable clays occur in the 
shale sequence, none of the ammonium illites expand 
with ethylene glycol treatment. Similarly, heating the 
samples to 400~ for 1 hr caused no reduction in the 
d(001) as might be expected if interlayer water were in- 
volved. The results are reconcilable with studies of am- 
monium muscovite which show that NH4 + is not driven 
from the interlayer site below 800~ (Karyakin et al., 
1973). The clays are not trioctahedral vermiculite col- 
lapsed around NH4 § because strong 002 reflections oc- 
cur in all diffraction profiles. Attempts to exchange the 
monovalent NH4 § with divalent Mg 2§ showed no ef- 
fects on the ammonium illites, indicating that exchange 
sites are not involved. 

The source of the interlayer NH4 § remains enigmatic. 
Miiller (1977) described the preferential sorption by il- 
lites and montmorillonites of nitrogen compounds from 
organics during burial diagenesis. Considering the car- 
bonaceous nature of the shales studied (as much as 15% 
organic C), the ammonium is probably biogenic. How- 
ever, based on analyses of more than 150 shale hori- 
zons, NH4 § enrichment is most pronounced adjacent 
to the stratiform base metal mineralization. Therefore, 
incorporation of NH4 § in the illite interlayer may simply 
reflect the chemical and thermal environment of a hy- 
drothermal system. 

Ammonium illites may be common phases in car- 
bonaceous shales. Differences in d(001) and I00~ be- 
tween ammonium illites and "normal"  illites are small. 
Therefore,  routine analyses of thin samples (glass 
slides), polymineralic samples, or poorly crystall ized 
materials may miss the significant details that are nec- 
essary for their identification. Because ammonium il- 
lites may have important paleoenvironmental or  dia- 
genetic implications, their occurrence in deeply buried 
rocks may provide new and perhaps significant insights 
into the geochemistry of nitrogen at or near the earth 's  
surface. 
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Pe3mMe---HaTypaYlbHO BbicTynalou~ne aMMOHneBbIe FIJI2IHTbl 6bIYln OTlCpblTbI B qepHbIX c:taaueaaTblX 
r~nnax, oKpy~aromnx ocnonnofi MeTa3LrmqecKnfi oca~oK B ropax ]IeJIoHra ~ ceBepHofi AJIacre. 
14HqbpaKpacnbie cneKTpb~ o6pa3ttoa yKa3bIaa~oT na 3na,anxeJIhuy~ a6cop6tmlo npn 1430 CM -1, aacxoxe 
pe3onaHCHOfi noJIOCbI NH4 +, KOOp~nunpOBaHHOrO B HJLqHTOBO~ npocYiofiKe. XapaKTepncTnKn periTre- 
HOBCKOI4 nopotUKOaOfi /InqbpaKunn aMMOHHeBblX IIJUII'ITOB BKJItOqalOT yaeJInqeHHOe paccToflHne d(001), 
co 3naqennaMn, ~ocTnraroIanMn 10,16 A a TaKn<e o T n o m e n n ~  Io0~/I003 rl I00JI005 nop~I~a 2. 
ldnqbpaKpaCHbIe ana~n3bi qbn3nqecKrIX cuecefi NH4C1 co CTat-I~apTrIbIM n.rInnTOM ri cpaBnenna c 
CtlHTeTnqecK~IMR aMMOHHeBbIMR CJHO~aMI, t yKa3blBatOT Ha 3naqnTeJlbny[O HO~CTaHOBKy (>50%) nOHa 
NH4 + BMeCTO noHa K + B Me;,IgCJIO~HOfi o6JlacTn I4JIJlliTa. Onpe~teheHne KOJUiqeCTBa a30Ta B ~ByX 
aMMOHHeBhIX nh.anTax nocJ~e y~a.neurlg yr~ncTofi cpe~b] npnBeJIO K 8e~HqHHaM 1,48% Beca NH4 + a 
1,44% Beca NH4 +. I/Icc2lejloBam4e 6oJIee, qeM 150 pa3sllIqnblX apycoB cJIaHtleBblX r.rInn noKa3bigaeT, 
qTo KOJU4qeCTBO NH4 + B nJ~JmTax yaehnHnaaewcn a no6J~n3ocTn OCHOBHO!,~ MeTa.Tt/inqecKo~ MI'1- 
nepannaaann. [E.C.] 

Resiimee--Natiidich auftretende Ammonium-Illite wurden in den Schwarzschiefern gefunden, die eine 
schichffSrmige Erzlagersditte in den Delong Mountains, Nord Alaska, umgeben. Die lnfrarotspektren der 
Proben zeigen eine deutliche Absorption bei 1430 cm -1, d.h. die Resonanzfrequenz yon NH4 +, das in die 
Illitzwischenschicht eingebaut ist. Die RSntgenpulverdiffraktometerdiagramme der Ammonium-Illite zei- 
gen einen aufgeweiteten d(001) Abstand, mit Werten um 10,16/~ und I001/I00 a bzw. Io0JI00s Verhfiltnissen 
yon etwa 2. Infrarotuntersuchungen an mechanischen Gemengen aus NH4C1 und einem Standard Illit und 
Vergleiche mit synthetischen Ammonium-Glimmern deuten auf eine betriichtliche Substitution (>50%) 
von NH4 + fiir K + auf den Zwischenschichtpliitzen des Illit hin. Stickstoffbestimmungen an zwei Ammo- 
nium-Illiten nach der Entfernung von kohlenstoffhaltigen Substanzen ergaben Werte von 1,48 Gew.-% 
NH4 + bzw. 1,44 Gew.-% NH4 +. Untersuchungen von mehr als 150 verschiedenen Schieferhorizonten deu- 
ten darauf hin, dab der NH4+-Gehalt der Illite mit zunehmender NShe an die Metall-Mineralisation ansteigt. 
[u.w.] 

R6snm6---Des illites ammonium de provenance naturelle ont 6t6 d6couvertes dans des argilites noires en- 
tourant un d6p6t stratiforme d'un m6tal de base dans les montagnes DeLong en Alaska du nord. Des 
spectres infrarouges des 6chantiUons exhibent une adsorption prononc6e ~t 1430 crn ~1 , la fr6quence des 
liaisons resonantes pour NH4 + coordonn6 dans l'intercouche de l'illite. Les caract6ristiques de diffraction 
poudr6e aux rayons-X des illites ammonium comprennent un espacement d(001) 61argi, avec des valeurs 
atteignant 10,16/~, et des proportions pour I001/I003 et Io0~/I005 d'h peu pros 2. Des analyses infrarouges de 
m61anges physiques de NH4C1 avec une illite standard, et des comparaisons avec des micas ammonium 
synth6tiques indiquent une substitution significative (>50%) de NH4 + pour K + dans la position intercouche 
illite. Des d6terminations nitrog~ne sur deux illites ammonium apr~s l'enlbvement de mati6re carbonac6e 
ont donn6 des valeurs de 1,48 wt. % NH4 + et 1,44 wt. % NH4 +. Un relev6 de plus de 150 horizons argilite 
diff6rents a indiqu6 que le contenu en NHa + des illites accroit h proximit6 de la min6ralisation stratiforme 
du m6tal de base. 
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