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OCCURRENCE OF FRACTURE-LINING MANGANESE MINERALS IN SILILIC TUFFS,
YUCCA MOUNTAIN, NEVADA, USA

Barbara Arney Carlos
Los Alamos National Laboratory, Los Alamos, NM 87545, USA

INTRODUCTION

Yucca Mountain, In southern Nevada (Fig 1), fs being studfzd by the Nevada
Nuclear Waste Storage Investigations (NNWSI)project as t potentfa? sfte for an
underground high-level nuclear waste repository. The site is within ‘4focene
volcanic rocks that are 1.5 to 4 km thick and range in age from 12.5 to 14 MY
(Marvin etal., 1970; Caw et al., !984). Several holes have been drilled fn Yucca
Mountain for gsolngic and hydrologic: studies. Drill hole USII G-4 (G4 on Fig. 1),
the n’mst recently cored hole within the potential repository block, was chosen for
detailed study of fracture-filling minerals because it fs closest to the planned
NNIKI exploratory shaft. Drill hole USW G-4 was drilled to 914.7 m (3001 ft) and
continuously cored from 6.7 m (22 ft) to total deptn (TD). The drlllfng history,
lithology of the core. and geophysical logs of the well are given fn Spengler and
Chornack (1984). Manganese minerals are mentioned briefly, but not fdentlfled, by
Carlos (1985). Manganese fracture coatings in a few samples from drill holes
UE-25b#lH, U$liG-3 (G: on Fig. 1), and USN G-4 are described and dfscussed briefly
in Caporusclo and Vaniman !!985). Because manganese oxides In fractures may act as
a natural barrier to radionuclide migratfon (Means et al., 1978; Zielinski, 1983),
it Is Important to cletermfne exactly whfch manganese mfnerals are present, in what
intervals they occur, and how extensive these fracture coat!ngs are.

METHODS

The manganese oxidss coating frac-
tures fn drill hole USW G-4 were examined
using a binocular microscope (50x magnlff-
cation). Samples of open frdctures were
examfned using an 1S1 scannfng electron
microscope (SEM) up to 3000x magnifica-
tion, and qualitative energy d’spersfve
(EDS) analyses were obtained. Closed
fractures Mere thin sectioned, and
coatfngs were chemically ~na?yzed on a
Camca electron microprobe. Microprobe
analyses of manganese dendrites on nearly
planar open fractures were also attempted
as there was no way to thin section across
these samples. The results are probably
less quantitative than the results for
thin sections but are n’mre reliable than
the EDS analyses obtafned on the SEM.
kihenever open fractures contained enough
coating material, these were scraped and
hand picked under 25x magfilficat’:on for
x-ray powder diffraction (XRO) using a
Siemens D-500 dlffr~ctotrteter, BecaJse of
the small amounts O; material available,
s~mples were all run as water smears on a
glass plate, usually for at least 15
minutt?s per degree 20. The results are
only qualitative due to orientation
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Flq, 1, Location of Drill Holes at
Yucca Mountain, Nevada.
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‘effects and small,sample size, but the COnStf?AMfIt MtfWalS were identified from the
XRD patterns.

RESULTS

Fracture coatfngs from the complete length of core from dr~ll hole USH G-4 were
examfnec!. Manganese oxfde coatfngs occur in discrete intervals (Ffg 2): from 12 to
40 m (40 to 131 ft) depth, from 207 to 400 m (680 to 1312 ft), mfnor amounts from
500 to 509 m (1640 to 1670 ft)~ along faults and shear fractures frOfII585 to 607 m
(1920 to 1991 ft), from 638 to 640 m (2093 to 2100 ft), from 783 to 818 m (2570 to
2684 ft), and from 863 m to 915 m (2830 to 3000 ft)(TD). The statfc water level is
at approximately 540 m (1770 ft) (Robfson, USGS, personal communication, 1984).

The manganese oxides fn the upper fnterval occur as well-formed dendrftes, 1-10
IMI In diameter, on fractures fn densely-welded tuff. They occur over cristobalite,
mordenfte, and smectite or Illite fracture coatings and on bare rock. X-ray dif-
fraction Iadlcates they are romanechite. Microprobe analyses show that the
dendrites from 21.3 m (70 ft) (Table I) do not contafn Ba; Cd end possibly Mg
apparently take its place in the romanechfte structure. Although the analyses were
?erfomned on dendrftes, the sflfca content shows that the Mn oxide fs intergrown
with other minerals. The XRD pattern shows that in thfs sample romanechite occurs
with cristoballte, quartz, feldspar, mordenfte and a small amount of clay (Illfte?).

Many fractures between 207 and 400 m (680 and 1312 ft) depth ccntafn manganese
dendrftes or crusts, but they are usually small (l-2 mm) and cover less than 12 of
the total fracture surface. Manganese oxfdes increase fn abundance wfth depth fn
thfs interval, and two samples, ‘at 306 and 383.4 m (1201 and 1258 ft) contafned

fig, 2. Hanyanese
Fractures, USh G-4,

I

enough manganese oxfde (m4% coverage of the
fracture surface) to appear in the XRD
pattern. The manganese oxide crusts fn
these fnt?rvals are efther todorokfte or
lfthfophorite. Manganese oxfdes occur over
quartz, f+ldspar, crfstobalfte, trfdymfte,
under morclenlte, and, below 379.5 m (1245
ft), under heulandite. SEM a,ldmicroprobe
analyses of manganese patches on open
fractures Indicate Al and possfbly traces
of Zn fn the manganese mfnerals; Al
suggests lfthfophorite, but the analyses
are not qllantftatfve enough to provide
positfve i!entificatfon,

From 500 to 509 m (1640 to 1670 ft)
manganese oxfde occurs fn the zeolftfzed,

I rock matrix more than In fractures. The
manganese oxide in fractures does l~ot form

t I df~tinct p,ltches but rather giv~s a grey
*

I
tfnt to the ffne-gr~ined coatfnqs 011 the
fractures, The sample at 500.7 m (1643 ft)
fs one of the darkest of these and consfsts

I
of tfny (<5 mfcron) specks embedded fn a

I
mordenfte mat. The amount of manganese

I
mineral Is fnsufficfcnt for XRD analysfs.a SEM &nalyses of several of these specks
show mfnor amounts of Nf, The large Ca and
small K peaks may reflect the cornpos!tlon

and Zeolltes in of the manqan~se mfneral or may actually
reflect the-mordenfte composition.
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~TABLQ.I. M1CROPRi)8fANALYSES OF MANGANESE MINERALS !N FRACTURES, USW G-4

sample
~t;h

S102

rlo2

Mni32

“2°3

‘e203
14go

Cao
BaO

SrO

ZnO~

NiO**

K20

cl

Total

70*
av of 4

22.53

o*17
53.47
4.27
S.82
2.62
6.01
N/O
N/O
0.56
N/A
0.91
0.16

96.52

1258*
av of 3

2.90

0.17

51.34

23.54

0.87

0.55

0.53

N/D

N/D

1.04

N/O

0.25

N/O

81019

● Surface of open
●* av detected for
N/h not analyzed
N/D none det~cted

Manganese
(1920 and 1990

1990A
1 pt

21.74

0.23

51.95

7.92

3.92

N/A

0,46

5.70

N/A

MIA

N/A

3.52

MIA

95.44

1990B
av of 2

31.35

0.18

41.98

iO.71

2.38

N/A

0,39

3,26

N/A

N/A

NiA

6.26

N/A

96,51

2099
shard
av of 4

0.23

N/O

8S.40

6.79

0.16

NIA

0.13

11.49

NIO

N/A

N/A

2.24

MIA

100.44

fracture
pure Mn standard : in 0.40, Ni 0.15

amount & backgrounds).

2099
vein
1 pt

5.68

!4/0

81.26

2.19

0.27

N/A

0.38

9,80

N/O

N/A

N/A

2.03

N/A

101.6!

2615
av Qf 3

0.46

0.29

73,74

0.16

2.28

0.22

2.13

3.39

2.12

N/11

H/o

0.88

N/D

85.67

2620
av of 3

0.96

1.41

74.87

0.61

7.52

N/D

0.29

8.02
3.25
0.53
0.32
1.43
N/D

99,21

2656
av of 5

1.23
1.06
75.4)

0.33

4.44

2.77

1.19

2.21

0.52

N/D

N/D

0.17

N/D

89.39

2947
av of 3

0.90

0.59

74.06

0.82

3.57

MIA

0.63

6.29

N/A

N/A

N/A

3.20

N/A

90.04

bx$des are not common fracture-coating Iinerals between 505 and 607 m
ft). They occur primarfly along fault planes and shear fractures

where they either surround or replace pulverized zeolitic rock matrix. In the sample
from 607 m depth the manganese Gxlde cryptomelane fills in between shards. Micro-
probe analyses of manganese oxides in this sample revealed much Si (and probably K)
from the rock matrix but also show a variation in Ba content from one area to another
on the sample,

The manganese oxides from 638 to 640 m (2093 to 21(19 ft) closely resemble those
in the lowest intervals but are separated from that series of Mn-filled fractures by
143 m (470 ft). These fracture fillings are thick sootv black. The sample from 640
m depth has tufts of acicular crystals which are visible ~t 50x magnification. SEP”l
images show that they either precede mortenite or were co-deposited, as hollandite
needles appear to penetrate through clo~jds of mordenitz and some have short fibers
that are probably mordenite growing on them. Manganese ~xide lines the fractures and
fills in shards lined with clinoptilolite. Microprohc analyses indicate high Ba
contents, both for vein and shard-filling material, XRD analysis indicates the
manganese mineral is hollandite.

The manganese minerals hollandite or cryptomelane form continuous black coatinqs
on the surface of fractures from 783 to 818 m (2570 to 2684 ft) depth, usually oher
quartz and under calcite, They have similar acicular or stubby filiform morphology
as seen in the SEM, but they have very diffelcnt minor element chemistry as
determined by microprobe (Table I)t From 863 to 915 m (2830 to 3000 ft) manganese
coatings are less continuous and often occur with red-brown hematite staining, In
other fractures the manganese minerals occur with quartz, In this interval, as in
the one above, the manganese minerals fire hollandite or cryptomelane and the minor
element chemistry is variable even within a single sample.



I --- Imed- m mineralogy, chemistry, morphology, and separation of manganese-bearing
~fnterva?s- by--barren intervals, it Is concluded that the manganese minerals were
‘deposited by i~tleast4 separate and fsolated solutfons. The upper Interval of large
and well-fornmf ranamechlte dendrites IS interpreted to be derived from waters
percolating down from the surface, one of the possfbflitfes mentfoned by Caporuscfo
and Vanlman (198S). The Ca and Mg contents of these dendrftes support thfs fnter-
pretatlon. The small dendrites and scales of todorokfte and/or lfthfophorfte fn the
densely-welded rock from 207 to 400 m (680 to 1312 ft) may well have formed from Mn
dissolved from the host rock as was suggested by Caporusclo and Vaniman (1985). The
manganese deposfts from 500 to 509 m (1640 to 1670 ft) are unique In the core from
thfs drill hole tn morphology and chemistry and may be related to the manganese fn
thtt host rock fn that fnterval. Addftlonal XRD and microprobe work are befng done on
tkfs fnterval. The remaining manganese infnerals, bel~w 585 m (1920 ft), are all
hollandfte and cryptomelane and may have precipitated from an upwelling flufd wfth
differences in chemistry caused by temperature gradfent and rock matrfx variations.
Alte~natlvely there may have been a sequence of flufds over a perfod of tfme, or
separate flufds in the apparently separated fntervals of manganese deposftfon, but
all are interpreted as Eelng early, hydrothermal-type deposfts. Information from
additional holes c’iiyhelp constrafn these fnterpretatfons.
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