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OCCURRENCE OF FRACTURE-LINING MANGANESE MINERALS IN SILICIC 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), 1is being studiad by the Nevada
Nuclear Waste Storage Investigations (NNWSI) Project as & potential site for an
underground high-level nuclear waste repository. The site 1is within Miocene
volcanic rocks that are 1.5 to 4 km thick and range in age from 12.5 to 14 MY
(Marvin et al., 1970; Carr et al,, 1984), Several holes have been drilled in Yucca
Mountain for geolngic and hydrologic studies. Dri11 hole USW G-4 (G4 on Fig. 1),
the most recently cored hole within the potential repository block, was chosen for
detailed study of fracture-filling minerals because it is closest *o the planned
NNWSI exploratory shaft. Or{ll 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 drilling history,
11thology of the core., and geophysical logs of the well are given in Spengler and
Chornack (1984). Manganese minerals are mentioned briefly, but not identified, by
Carlos (1985), Manganese fracture coatings in a few samples from drill holes
UE-25b#1H, USW G-3 (G3 on Fig. 1), and USW G-4 are described and discussed briefly
in Caporuscio and Vaniman (1985). Because manganese oxides in fractures may act as
a ratural barrier to radionuclide migration (Means et al., 1978; lielinski, 1983),
it is important to determine exactly which manganese minerals are present, in what
intervals they occur, and how extensive these fracture coatings are,

METHODS

The manganes2 oxides coating frac-
tures in dri1)l hole USW G-4 were examined
using a binocular microscope (50x magnifi-
cation). Samples of open fractures were
exanined using an ISl scanning electron
microscope (SEM) up to 3000x magnifica-
tion, and qualitative energy d:spersive
(EDS) analyses were obtained. Closed
fractures were thin sectfoned, and
coatings were chemically unalyzed on a
Cameca electron microprobe. Microprobe
analyses oF manganese dendrites on nearly
planar opain fractures were also attempted
as there was no way to thin sectiun across
these samples. The results are probably
iess quantitative than the results for
thin sections but are more reliable than
the EDS analyses obtafned on the SEM,
Whenever open fractures contained encugh
coating material, these were scraped and
hand picked under 25x magrification for

x=ray powder diffraction (XRDO) using a 0 \

Siemens D-500 diffractometer, Because of ' R . ALLUVIUM and COLLUVIUM
the small amounts o7 material available, , s e W LOMATAR mnm... MOUNTAIN TURP
samples were all run as water smears on a . ==

glass plate, usually for at least 15 *DRILL 8ITY [ __IpaNTeRUSH TuPE

minutes per degree 2. The results are Fig. 1. Location of Drill Holes at
only qualitative due ¢to orfentation Yucca Mountain, Nevada.
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'effec;;-iﬁaf;;ali sample iize. but the constituent minerals were identified from the
XRD patterns,

RESULTS

Fracture coatings from the complete length of core from drill hole USW G-4 were
examined. Manganese oxide coatings occur in discrete intervals (Fig 2): from 12 to
40 m (40 to 131 ft) depth, from 207 to 400 m (680 to 1312 ft), minor amounts from
500 to 509 m (1640 to 1670 ft), along faults and shear fractures from 585 to 607 m
(1920 to 1931 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 static water level is
at approximately 540 m (1770 ft) (Robison, USGS, personal communication, 1984),

The manganese oxides in the upper interval occur as well-formed dendrites, 1-10
mm in diameter, on fractures in densely-welded tuff. They occur over cristobalite,
mordenite, and smectite or 1l1ite fracture coatings and on bare rock. X-ray dif-
fraction 1indicates they are romanechite. Microprobe analyses show that the
dendrites from 21.3 m (70 ft) (Table I) do not contain Ba; Ca and possibly Mg
apparently take its place in the romanechite structure. Although the analyses were
nerformed on dendrites, the silica content shows that the Mn oxide 1s intergrown
with other minerals. The XRD pattern shows that in this sample romanechite occurs
with cristobalite, quartz, feldspar, mordenite and a small amount of clay (il11ite?).

Many fractures between 207 and 400 m (680 and 1312 ft) depth ccntain manganese
dendrites or crusts, but they are usually small (1-2 mm) and cover less than 1% of
the total fracture surface, Manganese oxides increase in abundance with depth in
this interval, and two samples, at 306 and 383.4 m (1201 and 1258 ft) contained

enough manganese oxide (v4% coverage of the
fracture surface) to appear in the XRD
pattern, The manganese oxide crusts in

JPTH  QENARALIZED w mouTes these intarvals are either todorokite or
m o Ymanamaeny MNARALY 1ithiophorite. Manganese oxides asccur over
® TFa canvn I ' quartz, f:1dspar, cristobalite, tridymite,

under mordenite, and, below 379.5 m (1245
ft), under heulandite. SEM and microprobe
analyses of manganese patches on open
fractures indicate Al ari possibly traces
of Zn in the manganese minerals; Al
sucgests Ilithiophorite, but the analyses
110001 are not quantitative enough to provide
positive {ilentification.
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400
Y From 500 to 509 m (1640 to 1670 ft)
ALCO . manjanese oxide occurs in the zeolitized
S s rock matrix more than in fractures. The
I saow manganese oxide in fractures does not form
-1 T ' | distinct patches but rather gives a grey
3 ! | tint to the fine-gqrained coatings on the
o fractures, The samnle at 500.7 m (1643 ft)
5 N (- 1s one of the darkest of these and consists
¥ “; wEMOSR ' of tiny (<5 micron) specks embedded in a
3 | mordenite mat. The amount of manganese
l o | mireral 1is f{nsufficient for XRD analysis,
o) s ' SEM enalyses of several of these specks

show minor amounts of Ni. The large Ca and
small K peaks may reflect the composition
Fig. 2. Manganese and Zeolites in of the manganese mineral or may actually
Fractures, USW G-4. reflect the mordenite composition.
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r?AQLE;{,- MICROPROBE ANALYSES OF MANGANESE MINERALS IN FRACTURES, USW G-4

Sample 2099 2099

Depth 70* 1258+ 1990A 19908 shard vein 2615 2620 2656 2947
(fet) avof & avofl 1 pt avof2 avof 4 1 pt ay n¥ 3 avof 3 avof5 avof3
5102 22.53 2.90 21.74 31.35 0.23 5.68 0.46 0.96 1.23 0.90
Tioz 0.17 0.17 0.23 0.18 N/D N/D 0.29 1.41 1.06 0.59
Mnoz 53.47 51.34 51.95 41.98 85.40 81.26 73,74 74,87 75.47 74,04
Alzoa 4,27 21,54 7.92 10.71 .79 2.19 0.16 0.61 0.33 0.82
Fe,04 5.82 0.87 3.92 2,38 0.16 0.27 2.28 7.52 4,44 3.57
Mg0 2.62 0.58 N/A N/A N/A N/A 0.22 N/D 2.1 N/A
Ca0 6.01 0.53 0.46 0.39 0.13 0.38 2.13 0.29 1.19 0.63
Bad N/D N/D 5,70 3,26 11.49 9.80 3.39 8.02 2.21 6.29
sSro N/D N/D N/A N/A N/D N/D 2,12 3.25 0.52 “N/A
ZnQw* 0.56 1.04 N/A N/A N/A N/A N/D 0.53 N/D N/A
NiQ»» N/A N/O N/A N/A N/A N/A N/O 0.32 N/D N/A
xzo 0.91 0.25 3.52 6.26 2.24 2.03 0.88 1.43 0.17 3.20
1 0.16 N/O N/A N/A N/A N/A N/D N/D N/D N/A
Total 96,52 81.19 95.44 96,51 100.44 101.6? 85.67 99,21 89.39 90,04

* Surface of npen fracture

** av detected for pure Mn standard : In 0.40, Ni 0.15
N/A not analyzed

N/0 none det-cted (amount < backgrounds),

Manganese oxides are not common fracture-coating ~ninerals between 585 and 607 m
(1920 and 1990 ft). They occur primarily 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 cxide <ryptomelane 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 2170 ft) clusely 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 a«t 50x magnification. SEM
images show that they either precede mordenite or were co-deposited, as hollandite
needles appear to penetrate through clouds of mordenit: and some have short fibers
that are probably mordenite growing on them. Hanganese jxide lines the fractures and
fi11s in shards lined with clinoptilolite. Microproh2 analyses indicate high Ba
contents, both for vein and shard-filling material, XRD analysis i{ndicates the
manganese mineral 1s hollandite,

The manganese minerals hollandite or cryptomelane form continuous black coatings
on the surface of fractures from 783 to 818 m (2570 to 2684 ft) depth, usually over
quartz and under calcite. They have similar acicular or stubby filiform morphology
as seen 1in the SEM, but they have very diffe.ent minor element chemistry as
determined by microprobe (Table I). From 363 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 are hollandite or cryptomelane and the minor
element chemistry {s variable even within a single sample.
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TDISCUSSION AND SRECULATION-

— - gased o mineraloyy, chemistry, morphology, and separation of manganese-bearing
intervals by barren i{ntervals, 1t 1s concluded that the manganese minerals were
deposited by at least 4 separate and isolated solutionms. The upper interval of large
and well-formed romanechite dendrites 1s 1interpreted to be derived from waters
percolating dowm from the surface, one of the possibilities mentioned by Caporuscio
and Vaniman (1985). The Ca and Mg contents of these dendrites support this inter-
pretation. The small dendrites and scales of todorokite and/or 1ithiophorite in 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 Caporuscio and Vaniman (1985), The
manganase deposits from 500 to 509 m (1640 to 1670 ft) are unique in the core from
this dril1l hole in morphology and chemistry and may be related to the manganese in
the host rock in that interval. Additional XRD and microprobe work are being done on
this interval, The remaining manganese minerals, below 585 m (1920 ft), are all
hollandite and cryptomelane and may have precipitated from an upwelling fluid with
differences in chemistry caused by temperature gradient and rock matrix variations.
Alternatively there may have been a sequence of fluids over a period of time, or
separate fluids in the apparently separated intervals of manganese depusition, but
all are interpreted as teing eairly, hydrothermal-type deposits. Information from
additional holes may help constrain these interpretations.
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