
Open-File Report 82-968 Open-File Report 82-968

IN ~ II <:TATF'<:

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

_.. -- . . ... .- - -- -,1.1U" ur r .1rL~ .1.. ~u In~ I LIUI "LR I'lLA.1 \OU ftftU I nr..1K

,RELATION TO THE WASTE ISOLATION PILOT PLANT (WIPP) SITE.
,01+'"' " .......+.; .......... nDTl1 ~I:'U... - --_. - - __ 0-

Open-Fi1e Report 82-968

1982

~

"

,
This report is preliminary and has not been

""o,,of .....o,f ~/,,,,. 1'1"" ...4+h II ~ C,o,,1 ..... .: ....1
~., .~

Survey editorial standards. Company names
are for descriDtive DurDoses onlv and do
not constitute endorsement by the
U.S. Geological Survey•

... reparec1 oy 'the u.:). lieo1Ogl ca1 :)urv~
for the

•• L ft . o •

___ 0

. 'fuo;; '1"0;;' U:"'.UII~ VI I n.t:
U.S. Departlllent of Energy .

IT.L '. ~I?O_?\_-:t,.?7\
-J. . '0 0



.

Open-File Report 82-968 Open-File Report 82-968

EVALUATION OF BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO AND THEIR
O~IJlTYnU Tn TU~ yc::nl ........... on nT 01 AUT IUYOD\ c::Y~, .

By

R. P. Snyder and L. M. Gard, Jr.

,,' ..... __... .r nnYII roT...... uynn ~ .. L .. U
.. ... ... ~"'..... VII VII. , ...,-, • '-"'''', n ... a a .., ... , UJ .... n. ,-,,.;a '",.;,

-
-

"

-



CONTENTS

T .... -' .......... Page,-
,_v _ . . . . . - - ---- ..... ..

Focus of current study •••••••••••••••••••••••••••••••••••••• 1
Acknowledgments ••••••••••••••••••••••••••••••••••••••••••••• 3

Stratigraphic setting of the WIPP site........................... 3
Permian rock s..........................................•..•. 3

Capitan Limestone and backreef equival ents,
lanSll I ana ra'tes tOrma'tlons ••••••••••••••••••••••••• 3

Castfl e Fonmat1on •••••••••••••••••••.•••••••••••••••••• 5..... -' - .. ..
JQIQUU UIIIIQI.IUII •••••••••••••••••••• ...................

~D.. "'+1 ..... 1:', ........n . .
Dewey Lake Red Beds •••••••••••••••••••••••••••••••••••• 6

Triassic ...ock~ ••••••••••• . . 1\

Jurassic and Cretaceous rocks ••••••••••••••••••••••••••••••• 6
Cenozoic rock s......•...................................•... 6

Ogall al a Formatf on••••••••••••••••••••••••••••••••••••• 7
Gatuna Fomat1 on..•.••....•..................•..•...... 7- , .. ,., -cr-u \..G I I \..oIlCe •••••••••••••••••••••••••••••••• ..... I

ft , .. _.
L .. .. .. ...

I ~y I UU;) nUl .. UII U I ~\o\o I Q I" II"~;) III ;)UU 0., II

7New Mexico ••••••••••••••••••••••••••••••••••••• ...........
~ lral C:+II,H~c: Q-Core hol es and underground mapping at Hill s A and C•••••••••••••• 18

Hill A ·............................................... 18 .
Ddll hol e WIPP 31, H111 A••••••••••••••••••••••••••••• 21

Hnl C .••......~ ...................................... 28
Underground exploration..••••••••.•••••.••••••••••••••• 39.. . . .
nUf" LUfI I.G I \;ur". fly UIIU~I ~ .................................... ...~... Other suspected pipes in Delaware Basin•••••••••••••••••••••••••• 55

1J~1' .. ~ ..... rr
v r .. .. . .................

Hill B ·............................................... 55
WIPP 13 a...ea•••••••••••••••••••• ""WIPP 32 and WIPP 33 ..•.•••............•.•...••.•••.•.•• 56

Pipel ike features in other areas••••••••••••••••••••••••••••••••• 56
South Dakota and Wyoming•••••••••••••••••••••••.•••••••••••• 56
Mlcnlgan ·............................................... 57

• Canada ·............................................... 58... .....
... ~: IIIQIIJ ·............................................... ;'0

Conclusions ·............................................... 61.. .. "",\ nof ~ • • nn "of ".:Il ..4 ....", :lIntt :lin.. nof

pipes
r- r- '0>

of formation of known in basin near the
WIPP site ·............................................... 61

Possibl e effect on WIPP site••••••••••••••••••••••••.••••••• 65
111 [. -STEM TESTS, WIPP 31 by J. W. Mercer••••••••..•••...•••••••. 67
Introductf on ·............................................... 67. . .
l\f1a1Y515 ·............................................... 01
References cited ·............................................... 70

'.

"



ILLUSTRATIONS

Page

Plate l.--Geologic map of Hnls A and B•••••••••••••••••••••••••• In Pocket

Figure 1.--Map of the WIPP site, showing location of Wills-
J J., an •••••••••••••••••••

2.--Graph showing resistivity profile line SL-15,
J ••• • •••••••••••••••••

3.--Graph showing resistivity profile line SL-4,

13

. ex.. .

, ,. . .
7.--Graph showing gravity profile Hill C,

N. Mex.............................................. 17
9.--Dia rammatic sketch west to east across

WIPP site, showing downward progression of
dissolution front................................... 19

...
11.--Photograph of core from WIPP 31 showing ~lock

older fragments of Rustler Formation••••••••••••••••
12.--P

anhydrite with a fragment of the Magenta
Dolomite Menner below 1627-footage mark

20

27

in WIPP 1.......................................... 27
13.--Photograph of breccia from WIPP 31 containing

anhydrite and siltstone fragments................... 27. . .
15.--Cross section .through Hill C breccia pipe....... •••••• 38.

pipe to right of photo.............................. 40
17.--Photo ra h of left rib of 16-L drift as in

figure 16. Base of MB 120 is slightly below
the center.......................................... 40

18.--Photograph of left rib 16-L drift..................... 41

at end of 16-L drift showing numerous anhydrite.
43

ortion of fi ure 19................................ 43
21.--Structural depression of salt beds by

subsidence near northeast flank of Hill C
recc a plpe, pane eve, mlne•••••••••



ILLUSTRATIONS--Continued

breccia pipe........................................ 45
23.--Geologic sections and map of entry 16-L edge

of Hill C breccia i e.............................. 46

52

51

........

24.--Displ acement of sal t beds by faul ts near
southeast flank of Hill C breccia pipe 1n

, , eve ,
25.--Map of portion of MCt mine showing horizontal

30.--Cross section, drill hole C, showing

31.--Formation of anomalous Mississippian thicks
and coincident structural hi hs in oun er
strata•••••••.••••••••••••••••••••••••••••••.•• i.... 59

...

32.--Formation of breccia pipes in southeastern
New Mexico illustrating how surficial

inward toward pipe boundary••••••••••••••••••••••••• 60

WIPP 31 test hole................................... 69

TABLES

Table 1. Major stratigraphic and time divisions, south-
age

...................................
2. Designation, location, and remarks, eight

surveys.............................................. 10
3. Lithologic description of cuttings for

WIPP 31 •••••••••••••••••••••••••••••••••••••••••••••• 22-26

68
. re u s ,

Ed~ County. N. Mex ••••••••••••••••••.•••..••••••••••

trat graphic ·column of borehole WIPP 16............... 32
Abridged lithologic log of borehole WIPP 16 •••••••••••• 33-37



EVALUATION OF BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO AND THEIR

•with a section on DRILL-STEM TESTS. VIPP 31. by J. V. Mercer

By

R. P. Snyder and L. M. Gard. Jr.

INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) site is located about 40 km (25

1981). Site selection was based principally on the existence of a thick
section of Permian eva orites mainl halite. The ur ose of es bli
this site is to demonstrate whether or not an evaporite environment is
acceptable for the disposal of trans-uranic waste generated by the Nation1s

e e programs.

mankind. One of the most probable methods of accidental release of radiation

the waste by moving ground water. It is therefore of primary importance to
identify any potential channel ways that mi ht allow water to enter a
repository site located in bedded salt of the Salado Formation of southeastern
New Mexico. The presence of the thick Permian (225 m.y.) rocks attests to the
fact that major dissolution of the halite by unsaturated ground water has not

This re ort describes several dissolu i n e

lmneys are e w ownwar - sp ace
brecciated rock. In this context, the rock is brecciated by having ~ollapsed .

described in evaporite deposits in many areas of the worl d.

The current study was done for the u.S. Department of Energy (DOE) in

removal of deep-lying evaporite or carbonate rocks in an underlying aquifer

and elsewhere that have been referred to as breccia pipes. Breccia pipes
(also called breccia chimneys) as they occur in evaporites are vertical
cylindrical pipes or chimneys that may or may not involve more than one

response 0 a sugges on t at ecause recc a pipes are thought to be the
result of deep dissolution, they may represent channelways for future ingress

, sessmen y

programs for the evaluation of proposed waste repositories !n bedded evaporite

Mexi
Reports by Anderson (1978), Bachman (1980), and Vine (1960) described
dissolution and karst features in the Pecos re ion of southeastern New Mexico
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and discussed the origin and history of breccia pipes. The present report is

to them at the time their reports were written.

Using the data from exploratory work, answers m~ be found to the
following questions concerning breccia pipes:

7. Where are they formed, can they form at the WIPP site?
8. re resent a threat to the WIPP site?

Acknowledgments

We thank James Walls. vice-president and general manager of Mississippi

. .
(USGS. retired) and Dennis W. Powers of Sandia National Laboratories

STRATIGRAPHIC SETTING OF THE WIPP SITE

The WIPP site is at the northern end of the Del aware Bas-i n of New Mexico
and Texas. a sedimentary basin of Permian age which is sur~ounded by the.
(1973). Powers and others (1978), and Bachman (1980) and is only summarized

The strati ra hie se uence and i
southeastern New Mexico pertinent to this discussion are shown in table 1.

Perll1 an Rocks

Permi an rocks in the Del aware Basi n are all of mari ne ori gi n and they are
•Leonardian, Guadalupian. ~nd Ochoan. Only rocks of the

Capitan limestone and Bacltreef Equivalents,
Tans111 and Yates Fo~t1ons

The Capitan Limestone and its backreef equivalents. the Tansill and Yates
• • p s e ree

limestone that surrounds the Delaware Basin. The limestone is generally

1975). These deposits are much less permeable than the reef limestone and
they tend to retard the mi ration of round water (Hiss 1975).
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Table l.--Major stratigraphie and time divisions, southeastern New Mexico
(Time divisions from Berggren, 1972, and Bachman, 1980.)

ERA SYSTEM SERIES1 FORMATION AGE ESTIMATE

Quaternary Holocene Windblown sand

Pl eistocene Mescalero caliche ca. 500,000 years- - . ~-- "---r- U'IIIQ l. I un ~. VVlT,UUUT .TeQ'·;:>

,. J
",.1 ___ I: _"".: __

,'" ,
"

Ogallala Formation
Tertiarv Miocene

26 million years-------
Oligocene Absent southeastern
Eocene New MeX1CO
Paleocene

1'''' _.! , , .!

I, .,.~_ \ u'" III' VII "' .... , _- L .. • c.-~ 1I U_u
"'. ~ \-- ...., ...- '. ,....

Lower (Early) Detritus preserved
136 million vears-------

Mesozoic Jurassic Absent SE N. Mex.
190-195 million years---

Triassic Upper (Late) Dockum Group
Lower Absent SE N. Mex.

225 million years- , ... ft ... -'.

,
Ochoan

uene~ L.a"'e I\eu ueu;)

Rustler Formation
C:;a1;a"'n - ;nn
Castile Formation

Paleozoic Permian 280 million years-------
Guadalupian Capitan2 Tansill

Lime- , Formation
... t []m'" Yi'ltp~

Formation.

llerms 1n parentneses are cpocns.

2Rocks older than the Capitan Limestone are not described in this report.

-

4



The backreef correlatives of the Capitan, the Tansill and Yates
,

Weaver pipe, but are not present at the WIPP site. These formations consist
mainl of bedded limestone and interbedded sandstone ov
report area.

Castfl e Fonnat1on

The Castile Formation consists of several thick halite and anhydrite
,. ,

Bell Canyon Formation and is, in turn, overlain by the Salado Formation.' The
C

Salado Forwat10n

• rconsiderably -dirtier" than the halite beds of the Castile. Many of the

correlation purposes. The basal unit of the Salado, where it overlies the
Capitan Limestone, is the Fletcher Anh drite of Lan 1942. Local 1 the
thickness of the Salado varies as the result of dissolution at the top of the
formation. At the WIPP site the Salado is 603 m (1976 ft) thick.

Rustl er Forwat1on

conformably by the Permian Rustler Formation which is also part of the Ochoan
eva orite se ue • T
ascending order, the lower unnamed member, Culebra Dolomite, Tamarisk, Magenta
Dolomite, and Forty-niner Members.

,
beds. Halite is present in all three members except where 1t has been removed

The lower unnamed member is composed primarily of sil tstone. The
Tamarisk and Forty-niner Members are similar to each other and where.

WIPP area. These three members vary 1n thickness depending on the amount of
halite removed b dissolution. Where dissolution has 0 u
brown silty residue remains. This dissolution has created most of the karst
features described by Bachman (1980).



The average Rustler in the vicinity of the WIPP site is about 82 m

the amount of dissolution that has occurred.
,

DEWey Lake Reel Beds

. .
laminations and ripple marks are common. Lenses of cross-laminated fine-

that a h
Ochoan time. Evaporite deposits are not present in the Dewey Lake but
secondary sel enite fil 1s concordant and discordant fractures. Sel enite al so

s part ngs a ong bedding pl anes. These openings were probably caused by
sagging of the Dewey Lake over areas where dissolution had removed halite from

pr - s
time and varies in thickness from zero to the west to 172 m (560 ft) to the

Triassic Rocks

These rocks consi st mai nly of well -1 ndurated f1 uvi al sandstone,
, ,

erosion in southeastern New Mexico, and are irregularly distributed and

Group is as much as 460 m (1500 ft) thick, it pinches out along a roughly
north-south line that asses throu h the center of the WIPP site. These rocks
are important to this report as they are found in breccia pipes elsewhere in
the area.

time and no rocks of that age are present. In Cretaceous time the area was
covered b a shallow sea but f
collapse debris in areas of dissolution southwest of Carlsbad, N. Mex.--none
being preserved in the WIPP area.

and Pliocene age, and the Pleistocene Ga~una Formation and Mescalero

area.



Ogall al a Formation

The Ogallala Formation in southeastern New Mexico consists mainly of
windblown sand on which the well-known NCaliche ca ro kNof he Hi Plain
has formed. The Ogallala is not present at the WIPP site and was either never
deposited or more likely has been removed by erosion. The closest outcrop of
Ogallala is at NThe DivideN11 km (7 mi) east of the WIPP site.

Satuna Forwatfon

The Gatuna Formation of middle Pleistocene age or older (Bachman, 1980,

N
described as being related to dissolution of the evaporites of the Ochoan
Series. Vine (1960) described four domelike features as possible pi e
structures. Later work done under the direction of personnel of the SNL and
the USGS during studies for the WIPP site showed that two and probably three
of the four domal structures are indeed breccia pipes.

Additional.surficial features have been mentioned as possible pipe

by Bachman (1980) to be no more than caliche-capped hills carved prior to
Mescalero time. The hill in the SE 1/4 sec. 24, T. 23 S., R. 29 E. was mapped
in detail by Bachman (1980, fig. 20) and described as an example of ancient

several domal structures in the basin. Vine (1963, p. B40-B41) cites 11 of
these to the west of the WIPP i • M

ru ure. no er s ruc ure C1 e y 1ne 1n sees.
33-34, T. 22 S., R. 29 E. was mapped by Bachman (1980, fig. 18) and drilled

,
1980). No i ndi cati on of di ssol uti on in the Sal ado below the Vaca Tri ste

dissolution in the Rustler and Sal d Fn~ml~~1

dissolution. A nearby drill hole, WIPP 29 (Snyder and McIntyre, 1979),
drilled to gain information for hydrologic studies in Nash Draw also showed no

1SS0 ut on e ow t e aca r ste.



A hfll fn the NW 1/4 sec. 11, T. 21 S., R. 29 E. about 1.6 km (1 mf) west

but not breccf ated, - are covered wf th calf che. -The fol ds are presumed to be
the result of dfssolutfon and hydration of evaporftes in the underlyfng
Rustl er Formatf on.·

(1980) and found to have beds of the Dewey Lake Red Beds dfppfng as much as
19°. Accordfn B •

Another example of domal structure called Tower Hfll, located fn secs. 1,
, , ,.. .,. .,

horfzontaJ rooms for use fn storfng blastfng powder used fn the MCC mfne. C.

and undfsturbed around

Red~ (1961) studfed several domelfke, quasf-cfrcular features southeast
o a aga at ueen a e. The features are generally surrounded by hogback
rfdges dfppfng outward from the central portfons of the domes. These hogbacks

rm • e
central portfons of these domes consfst of breccfated Salado and lower Rustler

of the overburden durfng late Plfocene or early Plefstocene time. Additfonal
stress a H ed durf n the 1ate Cenozof c u 1f fts of the Guadal u e and Del aware
Mountafns could have afded fn acceleratfng the upward movement of the halfte
and causfng the Rustler Formatfon to be intruded by the lower formatfons

e , p.

Bachman (1980, p. 74, ffg. 15) fnterprets the formatfonal hfstory of
. . -. .

Much of the area near Malaga Bend (Queen Lake locale) fs underlafn by chaotfc
.bre f

..
of Salado partfally overlafn by a breccfated cover of Rustler. The less
soluble dolomftes are dra ed around the sfdes of the domes. Accordfn to
ac man, the formatfon of these domes fs related to dfssolutfon of the soluble

portf ons of the unfts and tectonf sm or sal t f1 owage is not a factor.

the Black Rfver valley about 40 km (25 mf). southwest of Carlsbad as the result.
debrf s was washed fnto the channel and preserved. Subsequent erosf on of the
surroundfn Permfan Ochoan beds eventuall lef he debrf
surface on the Castfle Formatfon. There are no remnants of Ochoan rocks other
than the Castile fn the immediate area whfch implied to Lang that simple
erosfon of the fntervenfng Ochoan beds was not the answer.

Bachman (1980) believes that the Cretaceous rocks were deposfted on
, ,

and the fossfl debrfs fs the remnant of that heavfly eroded Cretaceous
••L. J' _L.



per kilometer (100 feet per mile) and because this is the present regional
•

Numerous geophysical studies have been carried out on and around the WIPP
site s ecificall to ain subsurface information concernin the site. Some of

n n c on w • op ns 0 e ennessee
Va" ey Authority (TVA), and gravity and el ectrical resistivity surveys by

these surv~s were designed to search for possible breccia pipes. Among these
were magnetic and gravity surveys by Ferruccio Gera (1974) of Oak Ridge

crosses the circular ring fault. Interpretations of the resistivity profiles

conclusion that the following are breccia pipes: (1) Wills-Weaver, (2) Hill
C (3) Hill A and (4) Hill B. The remainin four sites are not inter ret d

...

as pipes.

Gravity surveys by Mining Geophysical Surveys (West and Wieduwilt,.1976)
, , " . e aa

were interpreted by Elliot Geophysical Company (Elliot, 1976b). Reasoning

anomalous readings is as follows:

Figures 6,7, and 8 show the gravity and topographic profiles across the.
a definite gravity low at the Wills-Weaver and Hill A sites, but there is no
such low at the Hill C site (fig. 7). Elliot (1976b, v. I, p. 22) states that
graVity data do not give a consistent gravity res onse across known breccia

Seismic-reflection data (Hern and others, 1978) were obtained across the



Table 2.--Designation, location, and remarks, eight locations
covered by electrical resistivity surveys

Breccia pipe
designation

...... 1 ........ 1 .... 1 ......... 01 .....- --.. ,-
identification Sec. , T. S., R. E. Remarks

Wills Weaver 12, 20, 29 Small hill, center of hill 400 ft
northwest of GW-1 drill hole that
penetrated 821 ft (250 m) of breccia
from the surface.

J..!i 11 r 1\ '1 ~n J..!i 11 tfri11 hn1 ~ 1J_1I;; n ..n ..+...lIl+ ..A 1~nn

ft (396 m) of breccia and downdropped
Rustler Formation, MCC mine drift
intersected breccia pipe directly
under hill.

Hill A 35. 20. 30 Breached hill. drill hole W-31
penetrated 1,981 ft (604 m) of
brecciated rock and downdropped Santa
Rosa Sandstone, Dewey Lake Red Beds,
Rustler and Salado Formations and_. . 1_' -fl ......,... , nIIlIJUIII.t:\fJ.

Hill B 1-2, 21, 29 Hill adjacent to Hill A, breached on
southwest side exposing brecciated

"
rOCK.

Hi 11 D 5, 21, 30 Hill southeast of Hill C, no rock
exposed under caliche cap, no
indication of dipping beds in
unaergrouna worKlngs 'tna't pass close
to where pipe would be.

Unnamed hill 11, 21, 29 Hill about 1 mi west of MCC main shaft,
mapped by Bachman (1980) and found to
have no breccia exposed, did have- .rUlueu oeuulng.

Sec. 9 sink 9, 22, 31 Surface sink in southeast corner of
sec. 9, northern part of WIPP site,
drill hole W-14 located here to
obtain data to explain gravity. ., . ~. .
allUllla 1.1. I1U I ilia , ;:) 1.1 a&.1 ~I a JIll I ~

section as deep as 1000 ft.
Sec. 14 slnl<hole 14, 23, 30 Sink hole southwest of WIPP site, 11ne

run over wrong part of section,
• • .. ~. • J

1II1;:);:)t:U ;:)IIIIIo.IIUIt:, ual.a IU;:),Yt:.

-
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CORE HOLES AND UNDERGROUND MAPPING AT HILLS A AND C

H111 A

Hill A lies in the SW 1/4 sec. 35, T. 20 S., R. 30 E., about 30 km
(18.5 mi) east-northeast of Carlsbad (fig. 1) and is the location of drill
hole WIPP 31. It has been described in detail by Vine (1960, p. 1905) and by

about

,. .
15 m (50 ft) and is about 370 m (1200 ft) in diameter. It is crossed by a.

than that presently exposed outside the ring fault.

To ex 1a n
shown on plate 1 (in pocket) and figure 10, a discussion of the dissolution
front is needed. The name dissolution front can be ap lied to two different

n s e ng remove y near-sur ace
dissolution. Thjs dissolution is progressing from west to east across the
Delaware Basin (fig: 9). It appears that the dis~olution front is roughly

This leading edge starts in the Forty-niner Member of Rustler and, as the
wed e thickens ro resses downward and westw rd i t h 1 w

....

bearing members of the Rustler and into the upper part of the Salado
Formation. The overall appearance of this wedge of dissolution is a "stair
s ep arrangemen ropplng stratlgrap lca y own rom east to west. The
leading edge in the Rustler at the WIPP site is in the southeast quarter of
the site and the leading edge in the Salado is in the western side of the

the vicinity of Hill A. The geophysical logs of the two oil and gas
exploratory holes (Bi Eddy 17 and 78) show no robable halite in the Rustler

, ,
around ~nd across the pipe I11Jst have been fairly level during deposition of

halite from the area surrounding the pipe cause the area to subside, which did
not affect the relativel im ermeable rock in the i e. This lowerin of the
surrounding area has resulted in the outward di in of the surface at Hill
• Bachman , p. 42 states that the Mescalero began to form about

510,000 years ago and that the upper crust formed about 410,000 years ago.
. r g

than about 400,000 years ago.

8
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Drill hole WIPP 31, Hill A

lithology of cuttings and core from WIPP 31.

It should be pointed out that although a specific rock, identifiable as
the Rustler Formation, was first found at a specific depth, it does not imply
that the stratigraphy is normal from that depth downward (fig. 11). In fact,
r c s e ewey a e e e s were oun as eep as m , w c
is about 366 m (1200 ft) below the base of the unit in the surrounding area •.
the Rustler Formation were found 274-366 m (900-1200 ft) below their normal

Fletcher Anhydrite, or the base of the Salado Formation. It is the only known
anhydrite in this area that is thick enough to account for the amount cored.

o •

(78 ft) a true thickness about 15 m (50 ftl. It is estimated that about 3-9 m
(10-30 ft) of the Fletcher remains below total de th of WIPP 31.

Because the Tansill and Yates do not contain water-soluble evaporites,
ey are pro y no e cause 0 e co apse 0 e over ylng roc s. e ow

these formations is the Capitan Limestone, a somewhat soluble rock known to
contain large caverns (Carlsbad Caverns). The most reasonable explanation for

Capitan, and the overlying rocks, as young as the Triassic Dockum Group,
colla d i .
supporting beam over the collapse for some time, but as the cavity in the
Capitan grew wider, the width exceeded the ability of the Fletcher to serve as
a support, an collapse occurred. Another possible method to consider is that
the cavity was filled with water to the base of the Fletcher, and declining
water levels remov~d th~ bouyant support on the Fletcher. This would cause an

the stress and exceed the rock strength. The Fletcher is considered as the

its lack of bedding and its intergrown crystalline structure. The Tansill and
Yates are thin bedded ranular rocks.

Most of the halite of the Salado Formation, and all of the halite in the
Rustler Formation are missing in the-core from WIPP 31. There is no Castile

. • n n g xp ora 1 n 0 e
(Cities Service Oil and Gas, Big Eddy unit 17) about 0.8 km (1/2 mi) southwest

21



Tabl~ 3---Litholooic descriotion of cuttin~s for WIPP 31
[Color des1gnat1on from Rock-Color Chart (Goddard and others. 1948). Depths not

~orrelated with geophys1cal logs. To convert feet to meters multiply feet by..".,," -_...... -..._.,.- • u~t'. ~

depth 1nterval
Descr1ption (feet) (feet)

No returns----------------------------------------------- 0 . 37 37.0
...ul a_.1 ,j" ..........I.1tsh-brown 110R 3/4\ throuah

dark-yellow-brown (lOYR 3/4). some green1sh.gray
'~GY ~/4\ ~tltstone· trace bfottte and lfmestone.
calcareous: as much as 10 percent sandstone tn part---- 37 - 65 28.0

No returns----------------------------------------------- 65 - 190 125.0

Mud. sfltstone. and sandstone. as fn 37- to 65-ft
1nterval----------------------------------------------- 190 - 230 40.0

No returns----------------------------------------------- 230 - 459 229.0

Core 1
Rubble of sfltstone. sandstone. and mudstone. moderate-

redd1sh-brown (lOR 4/6). dark-redd1Sn-brown \ lU~ "14}

and gray1 sn-red (lOR 41~}. numerous g 1:1:" I,n,-gray

(5~ 6/1) reductton spots 1/2-2 mm 1n dtameter; rubble
.

fragments as large as l!l cm----------------------------
._- ..." .. .. "..... TV"'.W

No core---------·-·---------~---------------------------- 465.3- 467.0 1.7

(;uttlngs
.

Mudstone. siltstone. and sandstone same as untt at
37-65 ft. occas1onal fragments of chert. selentte.

lUlU ----- A"7 _ I;tQ 52.0. , •••u"""
" Core 2

a_.1 d"r"-r~dd1sh-brown-.
(10~ 3/4) to graytsh-red (10~ 4/2) and moderate

_hrftWn ItOR 4/~\· ctltstone conta1ns selenite
vefns and green1sh-gray (5J[! 6/1) alteratton spots and
b1ot1te and pyr1te. fragments as large as 22 em-------- 519 -526.3 7.3

ND rore--------.-.---------••---------------------------- 526.3- 529 2.7

Cuttings
Stltstone. sandstone. and mudstone. moderate reddfsh-

brown (10~ 4/6). gray1sh-red (10~ 4/2) and 11ght-gray
(N7-H6). calctttc, btottttc, m1nor selen1te------------ 529 - 579 50.0

Core 3
Mudstone. s1ltstone, and sandstone. moderate-redd1sh-

brown (10~ 4/6). dark-redd1sh-brown (10~ 3/4). and
grayf shAred (lOR 4/2); green1 sh-gray (!l&! OIl}

reduct10n spots 1n stltstone. selen1te ve1ns cut
I

sTItstone and mud maTrTx; scatterea cnen- •
posstble carbonaceous plant matertal at 584 ft--------- 579 - 589 10.0

\;uttlngs ..". • • ....u " ••• -" .
brown (10~ 4/6), dark-redd1sh-brown (10~ 3/4) and
.. H ... , • ., -"- 589 - 695 106.0.,,' _". -" \.::: I , -------------------

-

22
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Table 3.--Litholoqic descriotion of cuttinGs and core for WIPP 31--Continued

Thickness
d~Dt.h interval

Description (feet) (feet)

r"t' •

Siltstone, IUdstone, and minor sandstone. moderate-reddish-
brown (1~ 4/6) and dark-reddish-brown (10~ 3/4):
greenish-Gray (5GY 6/1) reductton spots: stltstone
contatns bedding planes dipping from 3Z- to 40--------- 695.5- 703.4 7.9

No core-------------------------------------------------- 703.4- 705.0 1.6

Cuttings
Siltstone and mudstone. same as unit at 589-695 ft------- 705.0- 750.0 45.0

Anhydrite, white t!9}------------------------------------ 750.0- 751.0 1.0

Core 5
Anhydrfte, grayfsh-green (5J! 5/Z) and dusky yellowish-

green (1l!!. J/Z). gypsfferous. mottlea; very TlnelY
crystalline: lamfnated: irregular argfllaeeous laminae

-- - p ,

at l!iJ.B ft: Cl1p OT lalilnae ranges Trom JC' ~u ..u ----- ,,,& ..,. ,,,u.u ".v

Sfltstone, dark-reddish-brown (10~ 3/4) and grayish-red.... "\&U-" .., 'I. !l.71''' '." vu ........J'u, ' .... V,,"U" .. .
.p•• ,. • •• •• - ---- 71:" ,,_ 71:D 0 '.'1.. . ... ,.,,- .w •• 'J

No eore-------------------------------------------------- 758.9- 759.7 .8
r. ~

Mudstone breccia: grayish-red (10~ 4/Z) through dark-
_...._ ',nD '1/4\ ....tt _ttt"m_tf.. rk_nr"v (N41 .

fragments less than 3 CII: slightly calcareous matrix--- 759.7- 767.5 7.8

Sandstone, dark-reddish-brown (10~ 3/4) and grayfsh-red
-

110! .,,\ verv ffne orafned hard. friable. mfnor
, calcite cement, MnOZ stain on bedding surfaces,

QVDSUI fflled fracture--------------------------------- 767.5- 771.0 3.5

Cuttings
Siltstone, IUdstone. sandstone and gypsum, reddish-brown

(10~ 3/4). grayish-red (10~ 4/Z) and dark-reddish-brown
(10~ 3/4) siltstone, mudstone same wfth some medium
dark gray t!4). sandstone same color as siltstone,
gypsum. white t!9)i minor chert pebbles and selenfte--- 711.0- 800.0 'lI.U

Core 7
Breccia of mudstone and S11tstone. moderate-reoolsn~

brown (10~ 4/6). dark-reddish-brown (10~ 3/4).

grayf sh-reo TIU.!! 4"). greenl sn-gray~ v/ &J.

slightly calcareous: mud matrix. portions colored
dark-yellowfsh-orange (10~ 6/6}----------------------- 800.0- 809.8 9.8

Dnn G. a,n n ,
nu ..UI~----------------------
No returns----------------------------------------------- 810.0- 819.0 9.0
..
-,'"
Mudstone-siltstone breccfa. moderate-reddish-brown

"nD AI'" +A As ..... _r.lflfhh_hr..wn 110R 3/4\· IIUdstone
lin tn '0 cm· sfltstone contafns Greentsh-

gray (5J[! 6/1) reduction spots, lower 4 ft
fs one block. srltstone in rest of unit. fragments
as much as em. most less than 4 cm--------------------- 819.0-10ZZ Z03.0 .

IC.,J

- . -.. : , .. ' .
.'

. . ,... .. " .'; :.: . .....'
" .,......1
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Table 3.--l1tholoo1c descr1otfon of cuttfnos and core for VIPP 31--Contfnued

Thickness
.....nl:,.

Descrfptfon (feet) (feet)

..14u.._n....v ,'":!. 4/1\ *fnelv Cl"Vstall1ne

fnterlayered with mOderate-reddfsh-brown (10~ 4/6)
siltstone contafning alteration spots------------------ 1022.0-1032.4 10.4

Sl1tstone. moderate-reddfsh-brown (lOR 4/6) and dark-
reddish-brown (10~ 3/4). numerouS reduction spots and
vefns of selenite: unit mostly shattered fragments of
single block of rock----------------------------------- 1032.4-1051.7 19.3

Anhydrite. light-olive-gray (5.1 6/1) to dark-yellowish-
brown (10~ 4/2), laminated in upper 2 ft: very
finely crystalline an~ medium-gray ~5) in lower
0.8 ft--~---------------------------------------------- 1051.7-1054.4 2.7

Siltstone. dark-reddfsh-brown TIll.! J/4) and moClerlte-
reddfsh-brown (10lt 4/6); numerous greenish-gray
(:I.!i.!. till) reauct 1on spOts: many ',"' ._ Ul ,,"un: are

from individual blocks: gray ~6) clay f111fng
- . ,nl:" .. " .. ., .. a'll n

, .....u, ..... "".. ' u ...." u. UII I .....,...... -"'"I: ..,. , ....1u
,

"''''J'UI .-...:-. ... , ..m·,
_.

-:t' -" ~. . "7

crystalline. large fragments of anhydrfte-------------- 1147.4-1149.8 2.4
-_. .....~••• ,nl:A "_"",, 4 ~~

fragment at 1167.9-1168.2 ft: some mudstone
- • ~.... n* lint t ..nO.... ro: to be larae .

broken block with dips of·bedding as much as 55°------- 1149.8-1210.8 61.0

Anhydrite. medium- to medium-dark-gray ~5-4). finely
-

"rvstallfne manv laroe blocks interspersed wfth small
, «10 cm) blocks of anhydrite and siltstone; 1.5-ft-

thick oravel layer at 1224.6-1226.1. gravel is
'rounded siltstone; dolomite fragments at 1249. 1250.
1254, 1263, 1267.5. 1276, 1280-1285 ft; dark-gray ~3)

sfltstone at 1251-1253.3 ft overlyfng reddfsh-brown
(10YR 4/6) dissolution residue------------------------- 1210.8-1292.0 81.2

Sfltstone breccia, moderate- to dark-reddish-brown
(10~ 4/6-10~ 3/4); minor fragments of anhydrite as large
IS 45 cm (1.5 tt): minor mudstone and sandstone fragments:
rounding of edges of fragments common------------------ J."Yl.U-l"~O.O '''''.''

Anhydrite. medium-light-gray ~6) to medium-dark-gray
C!!4). very finely crystalline: llreccllted zone 1'11TeJ:r

with clay from 438.3-438.4 m (1437.9 to 1438.4 ft)----- 1436.6-1442.5 5.9

Mudstone. siltstone. sandstone, and anhydrite breccia:
'.'llIOoerate-rcuu I ~"-IWU"" \ &u--"'- ., g I' ...... - -u

(l0lt 3/4) siltstone. mudstone, and sandstone, medium-
.. -. , ...., ..

y"aJ'~ """.1'" .". -v ',"". ',"' -" ~.,

lfght-olfve-gray (5.! 6/1) dolomite scattered through
• L. .••••• _U'.A .........., __ •• ' .... .,.0 *t\

.~

_At ..~_"',,4.h_nrAV rliR 1i11\ ,.1 .. " llt base--------------- 1442.5-1457.6 15.1

.
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,

T.,,:I... I ., anll rn.... " ..r UIPP "' __

Thfckness

Descrf ptf on (feet) (feet)

. . ,.... .. ",P' ".
,... .... • • -ym.-''1Jr~" \:.:.' I • ..,." \:':''''7' --,...- -

brown (10~ 5/4) moderate-reddish-orange (10~ 6/6).
finely to coarsely crystalline: light-gray portions
.oft_a.. ... ..... ' n,,'._....lIl1ich_h..rown

portions are argillaceous. and moderate-reddfsh-
..rann........ti ..ns are oolvhal1tfc' dins measured
along polyhalftfc streaks range from 50· to 60·-------- 1457.6-1518.7 61.1

Siltstone and anhydrite breccfa; siltstone. moderate-
reddish-brown (lOR 4/6) and dark-reddfsh-brown
(10~ 3/4). many fragments contatn greenish-gray
(5GY 6/1) alteration spots; angular anhydrite fragments
range from oltve gray to very light gray (5J[ 4/1 to
J!5); fragments of pttted dolomtte at 1549.5-1551.2.
1559. 1578. 1586.7. 1614 to 1624 ft; laminated
light-brownish-gray (5YR 6/1) dolomtte fragment at
l11Z7.2 ft; 011 StilnS at lO"!I ana lD'Ill It; YIClUUernl:

crystal s aT lO'Il.!I-1D"!I.;S Tt; nalne ITTTl!tr .' ..'

and vugs in lower 30 ft-------------------------------- 1518.7-1651.6 132.9

IVIII.JUI ..1:. meolum-IWCI.J \:."/. "..c .... 'cu "' "" '~.I-

yellowtsh-brown (10~ 2/2) specks. very ftnely
, .

... .1 ...... j II nl:. .. ........", "u ".. , .." 'J
.

'~

untt--------------------------------------------------- 1651.6-1658.2 6.6

Anhydrite and siltstone breccta. matrtx of mud: angular
- IliA \.. "" .. -" =

" to 50 cm; stltstone. moderate-reddfsh-brown (10~ 4/6)
'.ft ..a ..... _ _........... (InR ~/4\' dll ..It-....ddfsh-brown

(10~ 4/3) mud matrix about 30 percent of untt---------- 1658.2-1702.6 44.4

Mild " ..II stltstone breccta' medium-light- ,

gray (!6) to light-blutsh-gray (5Jt 7/1) mud is about
60 percent of untt. anhydrite and siltstone fragments
as tn unit above; pitted dolomtte fragments at
1703 ft: scattered glaubertte crystals and haltte
ftlled fractures--------------------------------------- 1702.6-1762.8 60.2

Mud and anhydrite breccta: mud matrtx graytsh-red
(5R 4/2) and some medium-gray (!5): anhydrtte as in
untt at 1658.2-1702.6 ft------------------------------- 1762.8-1TBr.lr ZO.O

Anhydrtte and mud breccia: anhydrtte as in untt at
1658.2-1702.6 ft: mud matrtx. light blutsh-gray
(5Jt 7/1)--------------------------------------------- lfll".Il-I11U".D .... .,

Anhydrite. medtum-gray ~5) to medtum-dark-gray ~4).

very finely crystlll1ne: rOCK 1S Dr Clnu

fractures are filled with medium-bluish-gray (5~ 5/1).
l;IGY. 50_ 'loCI '"'" ""UIU""""" ,.....

•• , ...ft ... ae 4 ,.m
'"

in a mud matrix-----------------------------~---------- 1802.6-1903.0 100.4

.
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Table 3.--Litholoaic descrtotion of cutttnas and core for WIPP 31--Conttnued

Thickness
deoth interval

Description (feet) (feet)

medium-aray (NS \ and 11 aht-o1he-gray
(SJt 6/1) laminated fn part with brownish-gray
(5~ 4/1) and grayfsh-black (!2) anhydrtte. unft
dfps about 50· and appears to be one large block-~---- 1903.0-1981.0 78.0

Total depth------------------------------------ 1981.0

.

.
-
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,

-

Zti

..- .. - ". . - .. . ,
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Figure 11.--Core from WIPP 31 showing block of younger Dewey Lake Red Beds
underlying older fragments of Rustler Formation. The small light-gray
spots in lower part of core are reduction spots. Arrows point down ______
ho1 e.

Figure 12.--Fragments of siltstone and anhydrite with a fragment of the
Magenta Dolomite below 1627-footage mark in WIPP 31. Arrows point
downho1 e. --

Figure 13.--Breccia from WIPP 31 containing anhydrite and siltstone
fragments. A fragment of the Cu1 ebra Dolomite has the depth number 1448 _

_____ written on it. Arrows point downhole.

__ 27 _--



of drill hole WIPP 31, there is a total thickness of at least 358 m (1175 ft)
• • , g ~ un

about 0.8 km (1/2 mi) northeast of WIPP 31, there is over 305 m (1000 ft) of

>1000 ft) of the Salado in WIPP 31 must have been dissolved after collapse of
the material in the pipe.

,
and glauberite crystals (rocks of the Dewey Lake, Rustler, and Salado
Formations •

Results of hydrologic tests in WIPP 31 run by USGS ersonnel are re orted
in a following section. Continuous monitoring of the drilling fluid performed
by Morco Geological Services to determine the presence and amounts of

• 1 , an y rocar ons emons ra e

interpreted as follows:

1.
2.

5. Eventual collapse of the Fletcher and downdropping of Salado
and n .
and some fragmental downdropping.

6. Continual dissolution of-Salado and Rustler halites in the pipe,
possibly from downward moving water. Mud and small rock fragments

r •
Dissolution front removes all Rustler halite and some upper halite

dip away from pipe.

n e p pe con lnua y elng carr e or dropped downward during
this stage•.

Hill C

Hill C is another dome-shaped surface feature 3 km

,
which partially engulfs the Gatuna Formation and brecciated rock of Triassic
a e. The Mescalero caliche is offset sli htl in several la e nd
displaced downward toward the center of the hill, apparently in response to



minor readjustments of the breccia mass (fig. 14). Unlike Hill A, only a very

western part of the hill. The rock exposed in the center of the hill is

Samples for palynomorph analyses were collected from the brecciated
Dockum Group rocks and were studied by Robert M. Kosanke of the USGS. Kosanke

.,
e presence 0 ca careous ma er oes no

normally hel p wi th the preservation. The sampl es di d, however, y1 e1 d a few
II

report ora commun., on the fi ndi ngs as follows: The sampl es yi el ded
few palynomorphs and they were poorly preserved. Palynomorphs are usually not

braunii. Botryococcus is known to occur from early Paleozoic time to the--
resent da where it is a menDer of the freshw .

di stributed throughout the 1akes of the Uni ted States, but ;s rarely
abundant. Botryococcus is abundant and the primary constituent of boghead or

, p y

grains, and several winged pollen gr~ins assignable to Pinus. In addition,
several

a ga coa s nown 0 occur n as a, ustralia, France, Scotland, South
~frica, and mainland United States. It 1s not so much an indicator of age as

assemblage--there is not enough evidence to evaluate with any degree of
confidence. If what was found is valid and not modern contamination the
presence of the Compositae would suggest Oligocene or younger."

The rocks, .as mentioned above, have been date~ by field mapping as
,

precluding the use of pa1ynomor~hs, in

The breccia i e at Hill C rovided an

• n 0 ore zones 1n e po as m ne one 0 e
mine entries encountered the edge of this pipe. Not only were the rocks. .

a pipe in three dimensions. Prior to our investigation, this was the only
breccia pipe that was known to contain brecciated rock at depth. During
mining operations in 1975, in the 7th ore zone (see Jones and others, 1960,

of the breccia in the pipe itself could be studied.

The objectives of investigating Hill C were to explore and define the
horizontal dimensions of the breccia pipe at mine level, and study the effects
of the collapse on the adjacent rock in the MCC potash mine. Additionally, it

.
permeability and porosi~y of the pipe and, if possible, the origins and ages

was p anne to mate e un erground plpe boundary with its surface expression
and to identify the stratigraphic origin of the displaced rock fragments in.. .

It was planned to drill horizontal core ho;es across the breccia pipe
from the mine level to examine the breccia determine the i e dimensions and
co ect samp es that might be useful for age determination. Before these
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holes were to be drilled, it was thought advisable for safety reasons to drill

fiuids or gases that might endanger the mine if intercepted by horizontal

C (NW1/4 SW1/4 sec. 5, T. 21 S., R. 30 E.). The hole was cored from 37.5 m
(123 ft) to a total depth of 396 m (1300 ft), about 27 m (88 ft) below the
mining horizon. A summary of the stratigraphy for rocks recovered from WIPP

s g ven n table , and an abbreviated lithologic log is given in table 5.

mme a eve n y
of the breccia pipe (fig. 14), and two of these are combined with borehole

WIPP 16 enetrated brecciated rock of the Triassic Do kum G u nd
Permian Dewey Lake Red Beds and part of the Rustler Formation. Although the
Rustler has been downdropped and shattered, the beds, unlike the overlying
roc s, were n recogn za e stratlgrap c order. he contact of the Rustler
and the overlying Dewey Lake has been down dropped about 189 m (620 ft) (fig.

,
31 at Hill A where no halite and no recognizable stratigraphic sequence of

The explanation for the near1 intact Rustler minus halite in the Fort -
niner and Tamari sk Members, in WIPP 16 is a prob1 em. At Hill A (WIPP 31), the
sequence of deposition, collapse of material in pipe, erosion, deposition of
caliche, and dissolution of halites in the Rustler and upper Salado seems

• , an arrange a
plausible seque~ce of ~vents for the formation of the pipe at Hill C, calls

times.

an unreasonable timing for the dissolution of these halites. It is probable
that the formation of the i e a H

horizons and below MB 121 are hypothetical, but a reversal between the surface

in the Salado (MB 109) is a reasonable place to put it.

Oil smears were found on core from WIPP 16, just as they were in WIPP
• n e roc s contalnlng these smears were anhydrite, halite, and

dolomite of the Rustler Formation. (Analysis of this oil was reported by

did not indicate the presence of water. Morco Geological Services
continuously logged drilling fiuids to detect CO h drocarbons nitro en and



Table 4.--Stratigraphic column of borehole WIPP 16

Thickness
Stratigraphic unit Meters Feet

Chaot' c .... of Triassic rn,. ... c and 0-34g 0-1145+

Dewey lake Red Beds

Rustler Formation--------------------------------- 349-396 1145-1300+
,... . ... .
IVII.J-1I1111:1 .-...-- , -" 11.1:, ~QIIU~I.UIII:

.....~ .. i1+ .. +ftn .... .,a~ "~1 11 JlI: 11 O~-, - ~ -- - ----
Maoenta Dolomite Member---------------------- 361-365 1186-1199

Tamarisk Member, anhydrite, sandstone

ana slltstone.----------------------------- jb~-jHZ ll~~-lZ~Z

,..., n ., .. .. ..n... ..nft .... ,. ......... ,.
..u ,I:U U UV I Villi "I:

.~...-~, ---------------------- oIU"'-oJU3 .a.", ... ",- ... ""u

I nwpr .............ft~ ,r h",litp ",n .

siltstone-------------------------------~-- 389-396 1276-1300

" Total depth------------------------ 396 1300

.
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Tlble 5.--Abrtdaed lttholootc lOCI of borehole IIIPP 16
[Color destgnatton from Rock-Color Chart (Goddard and others. 1948). Cuttings

:0-120 ft. core 123-1300 ft. depths f~~]~~iller. not matched to geophysical
I nne' 'n .:."..u.... ';'nt "!,_ hv • deot.h5 are from around 1eve1J

depth interval
Description (feet) (feet)

No cutttngs logged--------------------------------------- 0 - 40 40.0

sandstone. siltstone. Ind clay. sandstone 15 grayish
red (lOR 4/2). ver,y fine to fine grained and ranges
from 10 to 60 percent of sample. siltstone is
moderate reddish brown (loJ! 4/6) and light olive
gray (5.! 6/1) with traces of greenish-gray (5J!r 6/1)
reduction spots. 40 percent of sample. clay is medium

"light gray t!6). 0-30 percent of sample. some (10
percent) moderlte-reddl sn -brown (1O,! 4fti1 TO Olrlt-

reddish-brown (1Q! 3/4) mudstone in lower (25 ft)------ 40.0- 120.0 80.0
• "ft" • ft~ " '> n

no c~u.n~-----------------------------------
.~, . .

Siltstone breccia. moderate-reddish-brown (loJ! 4/6)
Itn.. ,>IA'. .., • .. ,1unu VUI .. ' •. I,,"'V ",,' ..n..... ·.. "'-... ". -" "

core consists of unbroken blocks as large 15 0.3 m
I • ... , __ ." •••ft",,' ...... ,1

. nf
• I ."

recemented siltstone. alteration spots do not cross
. • tfinc where b_tftfinn anDarent -
are as steep as 71°. but there is no regullr pattern.
some mud matrix between siltstone in places., core loss

-

from 125.4-126.4. 130.0-132.1. 135.7-136.7. 151.0-153.3.

" 153.6-154.0. 163.7-164.0. 169.2-17o.2. 172.1-176.0.
180.6-181.0. 185.3-186.0. and 189.o-191.o ft----------- 123.0- 191.7 68.7

sandstone. grayish-red (loJ! 4/2). moderate- Ind dark-
reddish-brown (lOR 4/6-1oR 3/4). fine grained.
fractures rehealed with calcite and selenite. dips
of crossbedding range from 50°-80°. no core from
59.7 to 59.7 m (195.8-196.0 ft)------------------------ 191.7- 201.4 , 9.7

Siltstone and mudstone breccia. moderlte-reddish-brown
(loJ! 4/6) siltstone. dark-reddish.brown (lOji 3/4)
mudstone. fragments are sUDlngular to suorounueu anu
range in size from 0.5 to 4 em (1/2-1 112 in.)--------- 201.4- 203.0 1.6

::landstone. Sl~e. Inll ~ ...... ,.. COmi151.1 m,r'Vl

sandstone. siltstone. and mudstone. moderate-reddish-
brown (loji 4/6). and dark-reddish-brown (loJ! 3/4).

Ip,.U .. ", -_..... "~ft.. ",
~...."" "" -!I' OJ \-~ WI -, •
crossbedding in sandstone range from 50° to 75° •
.. .... .... .. n.-

..nu _ ,__
calcite and selenite. much of breccia hiS a matrix of
-, . -- ---- .t ,~m 1:_"'" "4. "_776.0
7U.Q_747.n 747.R-251o 260.4-261.0. and
265.6-265.8 ft----------------------------------------- 203.0- 265.8 62.8

-

;1;1

.. - .. . .. ... ..- ... .-.. - . . ...
"- :



Table 5--.--Abrfdged lftholoGic lOG of drill hole W-16-~Contfnued

Thfckness
dpnth fnterval

Descrfptfon (feet) (feet)

Mlldc:tone dark-reddfsh-brown nOR 3/41' breccia of
mudstone and sandstone and sfltstone: some greenfsh-
gray (5J[! 6/1) mud ffllfng between fragments: most
fragments range from 3 to 5 c. (1-2 fn.)------~-------- 265.8- 272.5 6.7

sandstone. moderate-reddfsh-brown (10lt 6/4). very ffne
grafned. fractures fflled wfth mud: few scattered
greenfsh-gray (5J[! 6/1) reductfon spots---------------- 272.5- 280.0 7.5

Mudstone. dark-reddfsh-brown (lOR 3/4) breccfated and
fnterspersed wfth subrounded sandstone and sfltstone
fragments rangfng from 2 to 10 em (1-4 fn.); .fnor
greenfsh-gray (5GY 6/1) alteratfon spots and zones
throughout un1t; mlnor core lOSS at i::!:I:>;¥-"lIPD.U ana
305.9-306.0 ft----------------------------------------- 280.0- 329.8 49.8

.:> """U""' ....... ..,,,.... ,.. - -- -.,,~

at 61.9-81.0 m (203.0-265.8 ft); calcfte and mudstone
~... ._.... ~ .......... - ~-.... ... to .... \ ••".'v ft' ...~. "ft ~ft.A ~ ..n.. 4I;AA_

459.0. 489.0-491.0. 494.5-496.0. 498.8-501.0. and

"". " ""J: " ... - -------------------------------- ~?Q-A-1;63 0 233 2

Mudstone breccfa. dark-reddfsh-brown (l0lt 3/4). scatter~d

.ft ~. nf sfltstone and .
sandstone rangfng from 1 to 10 cm (1/2-4 fn.):
scattered greenfsh-gray (5GY 6/1) reductfon spots; no
~ore from 17.7 to 177.1 • (580.8 to 581.0 ft)---~------ 563.0- 594.6 31.6

.. sandstone. sfltstone. and mudstone breccia same IS unft
at 329.8-563.0 ft; calcfte healed fractures fn sandstone
fragments; mud matrfx around fragments that range fn

sfze from 0.5 to 17 cm (1/2-7 fn.). dfps of
crossbedded sandstone about 55° where measured; core
loss at 610.3-610.8. 619.7-621.0. 624.0-626.0.
628.9-631.0. 634.0-636.0. 637.6-641.0. 641.7-646.0.
648.4-651.0, and 654.4-656.0 ft------------------------ 594.6- 657.3 fU.1

-

;14

I-- .--- .. .. ~

_. ..-



Table 5--.--Abridged lithologic log of drill hole W-16--Continued

Thickness
depth interval

Description (feet) (feet)

Siltstone and mudstone breccia. dark-reddish-brown
(10!t 3/4) and moderate-reddish-brown (l0!t 4/6). much
of unit consists of fairly undisturbed rock. except
for its steep dip. Scattered subrounded

fragments of moderate-reddish-brown (l0!t 4/6)
sandstone and greenish-gray (5GY 6/1) mudstone

and cl ay ffiTTngs between fragments i aTps or
30°_65° on bedding planes; scattered fractures
renealea wan yyp:ium CIlia :ielellhe, core IV;);) a~
'._ _ _ __ , n ~n~ n ~n ... r ~n~ n ~n~ ~ ~nn "

u..,;;p,u-uu.&. .u. • .... - •• • •• • • t

719.4-720.7. 730.9-731.0. 734.7-735.3. 747.0-747.5,
.,~~ n .,,,~ ~ .,,, ... ,_,,,, D 7'''- "_",, n ", '_7R1-n

783.6-786.0. 790.3-791.0. 791.8-796.0, 797.7-798.2,
805.4-805.6 810.2-810.6 833.6-833.8. 850.8-851.0.

853.4-857.0. 938.9-939.0. 945.6-946.0. 960.8-961.0.
977.8-978.0. 1070.6-1071.0. 1078.5-1079.0.
1084.7-1086.0, 1123.6-1124.2. 1138.0-1139.5, and

1144.0-1145.3 ft--------------------------------------- 657.3-1145.3 48.80

Anhydrite, medium-gray ~5) and olive-gray (5Y 4/1)
laminated in part with brownish-gray (5YR 4/1) and

moderate-brown (5YR 4/4). partly brecciated.
fractures filled with clay; dolomitic band 3 cm
(1 in. thick) at 355.7 m (1167.0 ft); laminae dip from

20° to 36°; oi 1 bleeding from brecciated zone at

352.3-353.0 m (11~6 .U-ll~ll. Z ft) ----------------------- U'l:>.,j-UD!l.~ ".J.O

Mudstone, moderate-reddish-brown (l0!t 4/6). containing

siltstone fragments ana reaUCtlOn SpOtS---------------- - ... .
"oo.,,-u r".v ....

No core-------------------------------------------------- 1172.0-1175.0 3.0
'r ... .

"""yul ~'" U '''-~I "';' \~_ ""'J "IOU ",eu ..'" :J' -J

(5J! 5/1). argillaceous filling in hairline fractures--- 1175.0-1177.7 2.7

No core-------------------------------------------------- 1177.7-1178.0 .3
".n.>.•_."_n""u I~VQ 4Jn linht_hllJich_oray

>J

(5J! 7/1). light-greenish-gray (5GY 6/1) and grayish-
v.. l1nw I~ A/4\ very finelY crystalline. diDS 38°-40°;

fractures filled with clay----------------------------- 1178.0-1186.3 8.3

AnhYdrite dolomitic. greenish-gray (5Y 6/1) and light-

brownish-gray (5YR 6/1)-------------------------------- 1186.3-1186.6 .3

No core-------------------------------------------------- 1186.6-1186.9 .3

Anhydrite. dolomitic. same as unit at 1186.3-1186.6 ft.
brecciated and recemented; laminae dip 36° _____________ 1186.9-1192.6 5.7

Dolomite. greenish-gray (5GY 6/1). light-olive-gray
(5.t 6/1). and light-brownish-gray (5YR 6/1) wavy

olive-black (5.t 2/1) laminae, gypsum along some
Iamf nae; brecc fatea ana renea I ea 10 part---------------

...
""".0-""0.0 u.u

ii,
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Table 5--.--Abrldoed lItholOQlc 100 of drill hole W-16--Contlnued

Thickness
t1"n~t1 Intprval

Descrl ptl on (feet) (feet)

...._ .... ....4+ ..+ 11.1.1: 1_1168 9 ft brecciated
In part and contalntng subangular to subrounded dolomite
dolomite fragments. breccta very well cemented; lamtnae
tn unbroken parts dtp SOo ______________________________ 1198.6-1220.4 21.8

Anhydrite. llght-oltve-gray (SJ[ 6/1) mottled with
brownish-gray (SYR 4/1). very ftnely crystalline. 2-cm-
long dolomtte fragment at 1224.3 ft; mtnor fractures
ftlled wtth mud---------------------------------------- 1220.4-1227.0 6.6

Anhydrite and brecctated anhydrite and dolomtttc
anhydrl~e; medtum-gray (S8 S/l) and dark-greenlsn-gray
(SGY 4/1). dolomttlc parts lamtnated with llght-oltve-
gray (SY 6/1); fragme.ns are sUbangullr to sUu v_nv~v

mud filltng between fragments; some fractures mud
TlI1eo----------------------------------------- .--~ -.--~ " ." ...~ .

Mudstone. medlum-bluISh-gray (S~ S/l) grading to

""".. 0;'
- vnv vv."'· ~..v

Itn" •• ~ ._- 1/... \,
.. . _# ._"" _.......-

I" ""' coo.
less than 2 mm; lower foot mostly anhydrlte/gypsum----- 1237.0-1243.4 6.4

_ ..At ..__H ....+_....... IN';\ f'... tntlv laminated and
"" '. - ,
mottled dark-yellowIsh-brown (10~ 4/2); few bltumtnous
. w4+h ntl hl"..dtna from them-------------------- 1243.4-1249.4 6.0 .

Dolomtte. ltght-oltve-gray (SJ[ 6/1-SJ[ S/2). very
finely crystalltne------------------------------~------ 1249.4-12S0.1 .7

AnhYdrite same as unit at 1243.4-1249.4; haltte crystals
... filling vugs along beddtng----------------------------- 12S0.1-12S1.S 1.4

Dolomite. medium-light-gray (N6) to ltght-blutsh-gray
(S~ 7/1). very finely crystalltne; anhydritic In part.
lower part grades to grayish-yellow (SY 8/1) and
(SJ[ 7/2); numerous vugs; halite filled fractures tn
lower part of unlt------------------------------------- 12S1.S-1276.1 24.6

Mudstone and clay. browntsh-gray (S~ 4/1). medium-gray
~S). and moderate-reddlsh-brown (10lt 4/6); contacts wltn
upper and lower untts dtp 32° and 3So. respectlvely---- 1276.1-1278.4 .2.3

Hal1te. moderate-reddtsh-brown (lU~ 4/b). TlnelY ~o

medtum crystalltne. very argtllaceous; numerous
anhyarWe strlngers sca~erea • --uTT

from haltte at 1281.S-1282.0 ft------------------------ 1278.4-1286.9 8.S

Clay. graytsh-red (l0lt 4/2) and 01lve-9ray (5J[ 4/1);
1_~_.. -------- '?R/;.Q_'?R7.3 .4

..un .. ""u ",,-
Anhydrtte. very light gray ~8) to ltght gray ~7). very
~.. . h .. H+.. #411 ..A - .
"~'7 ,,,- --

fatnt laminae dtp 400 -4So--- 7 --------------------------
1287.3-1293.S 6.2

u ...... _ ....AAt .. h_............ (lOR 616\ ftnelY
,. ..v ..+ .. 111 .... • drtnoers scattered
throughout--------------------------------------------- 1293.S-1294.0 .S

-

.so

.. ~. -.' - .. .-.- ._- ---



Table 5--.--Abridged 11tholooic loa of drl1l hole W-16--Continued

Thickness
death 1nterval

Description (feet) (feet)

camA ac unit at 1287.3-1293.5 ft halite bands

parallel to anhYdrite laminae diping 40°-45°----------- 1294.0-1297.7 3.7

Mudstone. anhydritic. dark-reddish-brown (10J( 3/4).
gypsiferous Ind hllitic-------------------------------- 1297.7-1300.0 2.3

Total depth------------------------------------ 1300.0

~

~
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,
million between 365 and 366 m (1198 and 1200 ft). No other gases were

hydrogen sulfide. Between depths of 362 and 367 m (1188 and 1204 ft),

the pipe would be about 181 m (595 ft). This is about half (181 versus 350 m;
595 versus 1150 ft) of what is resent. A arent1 ther w ~145 m
±475 ft) of Dockum Group rock overlying the present Dockum Group. Following

this line of reasoning, the collapse may have occurred at a time when a more
comp e e sequence was presen. e core rom conta ned no voids, but
rather a great deal of fine sediments, mostly clay and silt-size material.

This estimation technique cannot be used in WIPP 31 because the loss of
a te n the Salado and Rustler Formations adds too many variables to the

cal cul ati-ons. Unfortunately, there is no way of estimati ng the erosional rate
of the Dockum Group rock, but it must have taken hundreds of thousands of

•
thick 26 km (16 mi) to the east of Hill C, and thicknesses of over 457 m (1500

Durin this sta e of the colla se
surface allowing surrounding Triassic surface material to be washed into the
depression. This material, especially the smaller fragments of sandstone and
Siltstone, was carried downward to form the matrix of the brecciated material

p •

MCC potash property for mining, entries were driven to the northwest from the
main haulage entry (fig. 14). In the MCC mine, the 7th ore zone dips gently
northeast. As the new entries were advanced northwestward and a roached the
recc a p pe, t e ore zone egan to dip down at a steeper angle than the

mining machine could follow, so the machine mined progressively higher and
.• p s re c 1 g.

18). Min!ng expo~ed about 19 m (63 ft) of strati raphic section above the 7th

exploratory hole was drilled 10.7 m (35 ft) into the pipe and still
encountered breccia. The hard 01 halite marker beds above the 7 h 0

39



Figure 16.--Left rib of 16-L dri ft, breccia pipe to ri ght of photo. Back of
drift shows at top of picture. The light bands dipping about
230 to the right are the anhydrites of MB 122. The dark band
at the lower right (NW) is a very argillaceous halite capped by
a 0.3-m- (l-ft-) thick clay seam. Dark left edge of picture is
an offset room 23 m (75 ft) from pipe edge. Arcuate striations
on all pictures are caused by mining equipment.

Figure 17.--Left rib of 16-L dri ft as in fi gure 16. Base of MB 120 is
slightly below the center of photo, top of MB 120 is near
upper left corner. Dark portion of picture to right is oil
stain. Pipe about 5 m (16 ft) to right.
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Figure l8.--Left rib l6-L drift. Pick leaning on breccia pipe material.
Boundary of inplace halite and breccia of pipe is line
that starts at base of oil stain in lower left corner,
passes just above hammer handle and reaches top of photo
near center. The line is a clay-filled (not gouge) fault
zone. The fragments of anhydrite, polyhalite, and halite
to the right of the fault show as various shades of gray.
P=polyhalite, A=anhydrite.
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(Nos. 120, 121, and 122)

mining in that direction was discontinued.

DevelolJllental mi ni ng was conti nued by drfvi ng the entry to the northeast
for 183 m (600 ft) and then proceeding northwest again in order to bypass the
breccia i e. Here a ain the ore zone was found to di more abru tl and

,

resumes. This perturbation of the regional dip is also shown by the structure
contours in fi ure 22. It is

steeply than the machine coul d follow. In this case the beds al so dipped down
toward the pipe, but the pipe now lay to the southwest of the newly mined

• e ore zone sappeare enea e oor or a s ance 0 a out
m (250 ft) and the drift exposed about 3 m (10 ft) of the stratigraphic

drift, which is very abrupt, is in response to collapse of material into the
pipe which lies to the southwest of that entry. No faultin is seen in this
en ry or n a sma lameter core ole that SNL drilled horizontally towards
the pipe for 19.5 m (64 ft).

.
underground radar studies were done by personnel of SNL and by Dr. Robert R.
Unterber er of Texas A&M Unterber er 1981. Th

mapping and for SNL personnel ~o perform several experiments in the vicinity

. .. . . . pl pe was one n e ruary y
preparing profiles of the ribs (walls) to show as much stratigraphic and. .

studies was to attempt to outline a portion of the breccia pipe wall by
recording return signals from the radar. The radar experiments were not
successful in delineating the breccia-pipe boundary. Geologic mapping of the

• •
several places by augering upward through the back (roof) to probe for certain
marker b d •

into whic~ the rocks collapsed may have been larger in diameter than the

• 1 0 es s repor e y a acas an 0 ers

t rom the pipe and moving along bedding planes, especially where
polyhalite and anhydrite beds intersected the fault. Analysis of this oil and

Oil seeps were encountered in the mine (fig. 23) near the breccia pipe in
drifts 15-L and 16-L. Most of this oil was see in from the fault 43 m

Using a portable drilling assembly designed and built by SNL personnel,
three horizontal core holes were b
(fig. 25). The plan was to intersect the pipe at the three localities. The



Figure 19.--Left side of exposed breccia pipe at end of 16-L drift showing
numerous anhydrite blocks and matrix of clay and halite and
anhydrite fragments. A=anhydrite.

Figure 20.--Enlargement of upper right portion of figure 19. Light streaks
along left side of anhydrite block are secondary halite seam
cutting through greenish clay. Above greenish clay in upper
left is reddish-brown clay. Laminations apparent on upper
right side of anhydrite. Dark streak on right is shadow.
A=anhydrite, H=halite.
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holes were cored in alphabetical order (A, B, C); the core was 2.5 cm (1 in.)

1.8 m (6 ft) of core at the "bottom" of drill hole A. The discing of the core

from about 3 mm to 10 cm (1/8 to 4 in.) in length. Argillaceous halite and
anhydrite 1ayers made up the longest 1engths.

gure , ust in from the left
between the normal stratigraphy

• , s a gray are
fragments of halite and anhydrite in a brown clay matrix. The black disc in

.
Fi gure 29 is a geel ogi c cross section of the hal e.

Hole C (fig. 25) was drilled slightly up from horizontal to a length of
19.6 m (64.15 ft). No reco nizable litholo ic units were enetrateJ. Cla
was penetrated in the last 0.6 m 2 ft) of the hole and the bit and pipe were
jammed in place. A total of 14.6 m (48 ft) of drill -pipe was recovered,
leaving 7.3 m (24 ft) in the hole. It i~ not certain whether or not this cl~

,
cored just before the pipe became stuck was drilling like halite and not like

tens of feet beyond the end of drilling. Figure 30 is the geologic cross
section of hal C.

surface. This could indicate that either the pipe does increase in diameter. .
orientation.

In studies done by Piper and Stead (1965, p. 34), it was found that most

,
points to the cylindrical shape in some cases, other cases indicate an

co apse structures over underground nuclear tests are roughly cylindrical.
In additional studies on the same subject, Houser (1970) used a ~ylindrical

Landes and Piper (1972) in studies of brine cavity subsidence in
Michigan, state that surface features outside the colla se area do not extend

49
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Figure 26.--Bottom core from drill hole A, MCC mine horizontal hole. Nearly
all of the bottom two rows of core are breccia pipe material
(core measures 1 in. in diameter).
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outward farther than the underground solution cavity. This implies that the

vertical cylinder.

Eck and Redfield (1963) in their studY on the Sanford Dam near Borger,
Tex., report numerous filled chimneys having irregular vertical sides
(p. 56). The upper portions of these chimn~s have funnel shapes.

The general shapes of the breccia pipes at Hills A and C are believed to
•

Wills-Weaver Pipe

• I· • I. • •

rock. Interpretation of geophysical surveys. namely el ectrical resistivity

been done at this site. It is believed to be a breccia pipe. The hill over
the pipe has not been breached b erosion and no near-surface structure can be

and bo h

seen.
Hnl B

Hill B lies immediately south of Hill A (fig. 9) and rises 28 m (93 ft)
above the surrounding terrain. It is round in plan. dome shaped and caliche

, some brecciated Triassic rocks (Bachman. 1980) are exposed, but no ring fault
has been seen.

Electrical resistivity (Elliot. 1976a) and ravit (Elliot 1976b)
surveys g ve anoma ous readings across the hill much like at Hill A. No
drilling was done on Hill B. but the data of Bachman and Elliot strongly
suggest that thi s hill marks the 1ocati on of a breccf a pi pee

WIPP 13 Area

An electrical resistivity survey (Elliot. 1977) across an area about 2.4
km (1 1/2 mi) north-northwest of the center of h WIPP

Gonzales and Jones. 1979) to account for the resistivity anomaly. The
probable cause for the anomaly is an increase of sandy. more porous material

•• r • • ora commun.. • ere
is no topographic expression. of either a hill or a depression; but because of. .

possible breccia pipe area. The resistivity signature across this area
appeared much like those signatures across Hills A and C. In 1978.
interpretation of a gravity survey across the area indicated a gravity low

•exploration was needed. Drill hole WIPP 13 is located near the center of the
resistivit anom
indicate that no buried structural anomalies x

n e ewey a e e e s con a n ng more water t an s found in the



surrounding area. WIPP 13 was later deepened from its original depth of 311.2

Formation.

WIPP 32 and WIPP 33

About 17.6 km

(Snyder and McIntyre, 1980). Bachman (1980) states that the brecciated
Rustler and Salado rock in drill hol WIPP 32
dissolution in the area, and the fact that the feature is not related to deep
dissolution below the Salado precludes it from being a breccia pipe. The

ea ure s ca e a ars moun y ac man 980, p. 78 , and is primarily an
erosional feature.

.- .

the WIPP site was found to contain an unusually thick amount of fill material
G. o. B

of a breccia pipe. WIPP 33 was drilled and cored in the de ression to a depth
of 256.0 m (840 ft). Below the thick fill (13.4 m or 44 ft incl udin

r ere s
dissolution has been found in other drill holes (Bachman, 1980). No breccia.

art cial fill for drill pad, a normal stratigraphic section was found
(Snyder and McIntyre, 1981). Dissolution residues in the Rustler Formation
and the upper 0.3 m (1 ft) of the underlying Salado Formation were expected as

PIPELIKE FEA

Pi pelike structures have been studi ed and mapped ina number of pl aces in
the world. All of these structures are in areas that have evaporites in the

rae.

and Braddock (1963) show that the Minnelusa (Permian-Pennsylvanian), composed
of limestones and gypsum has undergone dissolution and brecciation. The
overlying rocks, as much as 305 m (1000 ft) thick, have been affected and

oc s of the Mi nnel usa Formati on have dropped as much as 45.7 m (150 ft).
The unit underlying the Minnelusa is a sandstone that has undergone only minor

. • ov r y1 ng pec e erm an an pear 1s
(Permian-Triassic) siltstones are found incorporated in the breccia.

,
downdip from surface exposures. Some pipes started development in Holocene
time and are 73 m (240 ft) dee and 18 m 60 ft in di ameter. Anal i f
water sampl es from spri ngs and well s i ndi cates that di ssol uti on is conti nui ng
at the present time.



In a report by Brobst and Epstein (1963, p. 331), pipes "tens to hundreds
"

quadrangle of Wyoming and South Dakota. The authors attribute the pipe
formation t t
Formation. Fragments of overlying Permian rocks are incorporated in the
breccia in the pipes. The formation of these pipes started after the Black
Hills uplift (Late Cretaceous-Early Triassic), and the dissolution is

n nu ng 0 e presen •

,
Minnelusa and overlying Opeche and Spearfish

e
invol ved

.Epstein (1963, p. 336) attribute the near-vertical orientation of the pipes to
their formation at intersections of oints. The also ostula ed
the pipes have their roots in the Minnelusa, although some may be rooted in
the underlyi ng Pahasapa. The brecci a in the pi pes has been well-cemented by

3' a ou on c aces an as sma s a ove the
surrounding terrain.

Michi an also contains breccia i
the occurrence and possible formative history of these pipes in the Mackinac
Straits area. They attribute formation of the i es to cavit formin in the
evapor e-r con e aux enes Formation usage of the Michigan Geological
Survey) of Silurian age. In _the subsurface the formation is called the
Salina: No brecciated rocks have been found in the underlying Niagara

,
... Chenes.

Several previous explanations for the forming of the breccias are given
in the Landes re ort. He and the other authors favo
collapse of overlying rocks theory. Whether or not the collapse was
catastrophic and occurred as a single event is unknown. Landes believes that
some of the process involved catastrophic collapse, because brecciated rocks

1n e recc1a mass. ownwar sp acements 0
.from 183 to 457 m (600 to 1500 ft) are recognized in a quarry at Calcite,

, ,
these breccias as a conglomeration of rock fragments of every degree in size
with interstice b w .
which range downward from a few inches to dust size.

5



begun in the formations below the Detroit River Formation prior to the
,

this. The dissolution of rocks in the Pointe aux Chenes Formation appears to
be 1imi
near the surface. There may be some continuing dissolution now, but the
majority of the formation not dissolved now lies below the level at which
major dissolution occurs.

Canada

Underground exploration in Saskatchewan, Canada, for potash resources has

Evaporites (Devonian), but local collapse and brecciation have been documented
(Gorrell and Alderman 1962- DeMille and others 1964- Christiansen 1971

about 13,600 years ago. Total vertical collapse for the two cylinders is
about 58-73 m 190-240 ft Ch i i

Figure 31 is a diagram by Gorrell and Alderman (1962, • 307) that can
w mo lcat on, exp ant e anomalous structure of the breccia pipe at Hill
C in New Mexico (fig. 32), where beds in the subsurface dip toward the pipe
and those at the surface dip away from the pipe. In comparing these two

,
figure 31 to explain the outward dipping of the surficial rocks at Hills A and

Dissolution in the Venn area rna be the result of the orous Wi i
reef acting as a channelway for freshwater to reach the overlying salt and
cause local dissolution (Bishop, 1954, pl. 1 and fig. 4; Gorrell and Alderman,
1962, p. 311).

Ge....ny

Numerous collapse structures in the Zechstein area of Germany have been
des
others. The surface expressions of these structures are nearly always
depressions. The collapsed rock at the surface, the Bundsandstein of Triassic
age, overlies the halite of the Zechstein (Upper Permian). Grimm and Lepper

c e examp es 0 reCCla- 11led pipes in the So11ing Arch in the
Bundsandstein 750-950 m (2460-3117 ftl above the Zechstein salts. The

soluble.material in the Bundsandstein, and the inference given by Grimm and

Bernard (1973) describes an area 25 km (16 mi) northwest of Kassel, FRG
having collapse sinks now filled with rocks of Keu er and Muschelkalk

r ass c age. These sinks are in rocks of the Lower Muschelkalk (Middle
Triassic) which overlie the Bundsandstein. He attributes the collapse to the
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the pipes near Kassel as late Tertiary to early Quaternary on the basis of the
sink-fill material containin Keu er rocks (U er Triassic).

dissolution of anhydrite and possible minor amounts

• •therefore coul d not be the root zone for the pipes. He does acknowl edge the
existence of Zechstei n rooted si nk s 25 km (16 mil to the north of Kassel in
the nCloudb - r

CONCLUSIONS

in the

•is: Can dissolution of beds affect the integrity of the repository?

...

Exampl es of pi pes in Mi chi gan show that at some stage in the development
of those pipes there was catastrophic collapse. In the Mackinac Straits
region of Michigan. breccia fragments have been identified 183-229 m (600-750

e ow elr norma strat grap c horlzon an es and others. 1945. p•
129). Limestone beds above the cavities where halite had been dissolved could

av les
caused failure of the beams. at which time the material above the existing

collapse chimn~.

Rock in core from WIPP 16 and WIPP 31. drilled into known or ex ected
breccia pipes north of the WIPP site in southeastern New Mexico. also shows a
great deal of intermingling of various strata. Dolomite fragments have been
oun meow elr norma s ra grap cpos 10n ln •

Siltstone fragments in WIPP 16 are found 183 m (600 ft) below their expected

Depending upon the type of rock above the solution cavities. the downward
movement of the overl 1n rocks can be catastro hi a in
slowly as in many salt mines (actually as salt flowage). If the movement is
slow or in the catastrophic cases if the drop is not far. the falling rocks
w rac ure u no e m xe an Jum e with surrounding lithologies.

site. Two pipes. and probably a third•.have surface expressions which are

elevation. These are Hills A. B. and C of Bachman (1980) {domes A. B. and C



,
to be seen. All of these locales are over the buried Capitan reef.

of Vine, 1960). Relief of a fourth pipe, the Wills-Weaver, is not as high, 5

dissolution of evaporites and do not have a deep-rooted base below the upper
art of the Salado Formation.,

. ,
that contains a great deal of soluble rock is the Capitan Limestone. Ground

were formed under vadose conditions and only exfoliation and speleothem
development -IIIodi fi ed them to thei r present shapes. Both authors agree that
the major portions of the caves formed during and after uplift and

form. Bretz (1949 attributes the formation of Carlsbad Caverns and numerous
nearb caves to hreatic conditions. Ja now 1979 believ

•
the area of Hills A and C, ground water must have moved. through the fractured
Ca itan dis 1 in ·_A~'+A.~ft

phenomena along the uplifted portions of the reef on the western edge of the
basin. This dissolution could have caused the formation of caverns in the
Capitan Limestone into which overlying rocks could collapse.

Above the Capitan Limestone at Hill A are the Yates and Tansill. .
, ".

The soluble carbonates in these formations are not thick enough to account for. .
them. Core from the bottom part of WIPP 31 consisted of anhydrite, broken and
rehea1ed, not jumbled, and di ppi ng about 50°. Th is rock is tentatively
assigned to the Fletcher Anhydrite. It is the only known anh drite bed thick

• , a rop 0 a ou m
occurred. During the early formation of the Hill A pipe, the collapse may

reached. This unit could act as a support beam holding up the overlying rocks
until the cavit below reached sufficient horizontal s re d h b
failed. At this time, the Fletcher could have dropped the complete 76 m (250
ft) at one time, allowing some of the overlying halite and thin anhydrite and



polyhalite beds of the Salado Formation to drop with it. Rocks of the

also dropped.

The cavity would pe filled with unsaturated water and as the mass of rock
dropped nearly instantaneously into the cavity, the water would be forced
out. The easiest path would be upward into the void and fractured rocks
rae y eco apse. uc 0 e a ewou e ssove yth1swater

and eventually the now saturated water would move downward and out through the
•

mixture of r
be mixed with rocks from a lesser vertical drop, implies that there were
several stages of collapse as the pipe sto ed its wa to the surface.

dissolved halite, potash, and other soluble rocks. Nearly all of the Salado
halite and all of the Rustler halite was removed by this process aiding

After the collapse to the surface, the resulting depression served as a
catchment basin and as the collectin w

a 1 10na co apse n e p pe. s process also transported clay, silt,
and sand downward and these particles b~ame the matrix of the brecciated rock
in the pipe.

Complete removal of soluble rocks has not occurred in the pipe filling at
Hill A. Evi d
beds still present, and in the large block of Salado halite cored between
depths of 444 and 464 m (1458 and 1522 ft). Additional evidence of the
ncomp1ete removal of solubles is found in fragments of the Dewey Lake Red

Beds. Stringers of selenite (gypsum) are found cutting these fragments but
not the breccia matrix. Selenite stringers are found in the Dewey Lake Red

caused by downward.percolating of calcium sulfate-enriched.water filling

as units below are slowly being dissolved. This process is occurring or has
occurred in much of the Dewe Lake Re B
site (Jones, 1978) to the south of Hill A.

A. The resent di of the caliche beds w

. ,
the Mescal ero calf ch e was deposi ted on a nearly fl at surface (410,000-510,000

e . .

indicates removal of halite from around the pipe. Holes drilled nearby show
that the Rustler halite and the upper part of the Salado halite have been
remove. lS remova s re erre to as the dissolution front see p. 18},a



wedge-shaped subsurface solution process, proceeding from west to east across

dissolution front passed through the area less than 500,000 years ago. This

outward-dipping beds.

Hydrologic tests (see section on Drill-Stem Tests, WIPP 31, this re ort)
s ow t at t e pipe material is not capable of transmitting ground water. The
clay matrix surrounding the rock fragments acts as an impermeable barrier, and

n vapor c roc s n e
pipe; at least in the upper 549 m (1800 ft) above the massive anhydrite found

•

The breccia pipe at Hill C exhibits much the same history of formation as
the one at Hill A. In additio d
surface, there is the added feature of a mine drift that penetrates a few feet
of the pipe on the southeast side about 366 m (1200 ft) underground (MCC
r s - an - an art that bypasses the pipe on the northeast

side). Both of these areas underground show that the strata of the

outward. The reversal of dip is ~ttributed to the following: during initial

downward toward the pipe; subsequent dissolution of upper strata, namely the
Rustler halites above the Culebra Dolomite Member as the dissolution front
moved from west to east across the area, lowered the upper few hundred feet of
the surface surrounding the pipe, causing the near-surface beds to~ip away
from the pipe.

To a depth of about 350 m (1148 ft) in drill hole WIPP 16 at Hill C,

material in the pipe. The first anhydrite of the Rustler was cored at 350 m
1148 ft and fr

section of Rustler was cored. The beds were dipping about 35°, indicating
some tilting of the beds after coming to rest. These Rustler rocks are
fractured but not jumbled lithologically like the overlying Dewey Lake Red

urn roup roc s. 0 mar er 0 om e e s are presen 1n e
core. Below the lower dolomite (Culebra), the drill hole penetrated halite.
above the.up~er.one (Magenta) ar~ missi~g and only an insoluble residue is

below the Culebra at the time of the collapse at Hill C. This differs from
Hill Awhere no halites were found that could be identified as Rustler.

,
These rocks include large blocks of anhydrite that could have come from MB 103

•

Below the bottom of drill hole WIPP 16, the estimated depth to the
Fletche~ Anh drite is 223 m (700 ft) at Hill C. The resence of a moderatel
d1sturbed upper Rustler Formation in WIPP 16 seems to imply that there may not



Anhydrite Member. Hill C containing these only to the top of the Rustler
Formation. '

have been the rapid downward movement in this pipe, but more than 183 m (600
o,

at its final resting depth. Here the two pipes differ in the condition of the
rock Hill A containin brecciated and umb

o u
Salado Formation at Hill A, but only

nearly the same time.

The caliche ov 1 n Hi C
the pipe in several places indicating that minor collapse occurr~d after the
main collapse. This minor collapse can be dated as less than 410,000 ears
ago.

,
as oil seeps in the MCC drifts near Hill C,

oils are related to the oil from wells to the north of the pipes taken from
the Yates Formation. The Yates overlies the Ca itan reef on the backside of
the reef. It is possible that oil from this formation migrated toward the
area of the breccia pipes and either entered the rocks before collapse

...

occurre or was orce u y emp ace urlng co apse, e ng pushed
stratigraphically upward by hydrostatic pressure as the water in the
und~rlying v~id was forced upward by the infalling rocks. In WIPP 31, the. oil

,
consisting of siltstone, anhydrite, and dolomite fragments and a matrix of

stains were in the Rustler Formation in anhydrite above the Magenta Dolomite
Member and in halite below the Culebra Dolomite Member. The oil see in into
the MCC mine appears to be coming from a nearly vertical fault about 43 m (140
ftl from the edge of the breccia pipe.

of these features can be shown to be remnants of near-surface dissolution or
surface erosion· others are from dissolution and cavit formation in
Capitan Limestone. Known locations where deep dissolution occurs and forms
structures called breccia pipes are limited to areas over the buried Capitan
reef, no closer than 16 km (10 mil to the WIPP site. The four known

• 1 s- eaver s e.

,
before 400,000-500,000 years ago.



No examples of breccia pipes that could lead to breaching of a repository
:a+ +hA IJTPP ~i+A h",,, ... h ........ ~. +...... "'+ ..... _ ...... ____.. ,~ .. _, .. L._ .__ .... L._
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Capitan Limestone is not present beneath the site.
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DRILL-STEM TESTS, VIPP 31

By J. V. Mercer

INTRODUCTION

During drilling and corin of WIPP 31 reentr formation tests were
con ucted over sel ected interval s of the borehol e to determi ne the possibl e
presence of fluids (liquids or gases) and, if present, to obtain estimates of

an y, qua y, an source. e orma on es s were con ucte us ng
standard drill-stem test procedures as described in Dolan and others (1957),

·Weart. SNL, to O. Schueler, DOE, dated July 25, 1980.
•

. The drfl l-stem test is a temporary well compl eti on whereby the zone of
interest in the borehole is isolated by the ex ansion of a rubber ackin

o e r p pee n a on 0 ese
, , -r r ers,

and rel ated equi Jl'lent. ~uri ng ea~h ; ndivi d~al drfl 1-stem test, n?rma1

tester valve with subsequent recording of the pressure changes. As discussed
in Bredehoeft (1965 inter retation and anal ses f d .

e ement or packer attached to the drill string. These packers isolate the
test interval, relieving the mud column pressure and allowing the zone to

yield information about the undisturbed formation pressure, a coefficient of
permeability for the stratigraphic interval tested, and in some cases a sample
of formati on fl ui d.

ANALYSIS

,
During coring of WIPP 31, seven individual formation tests were attempted

only five were successfully completed, the first two failing because of
malfunction of the testing tool. The procedure prior to each drill-stem test
included running geophysical logs (gamma, density, and neutron) for 1itho10 ic
con ro as we as a ca lper to se ect pac er seats. As drilling proceeded,
the core was monitored for any fracturing or lithologic changes that might

•

packer configurations for the tests are shown on figure 33. These tests (OST
3 and -4) indicate that the zone tested from 246 to 324 m (808 to 1064 ft,
DST-3) and 246 to 376 m (808 to 1235 ft, OST-4) contained some fluid however

calculations for permeability.

mom, 0, n lca e very ow
permeability with a calculated value of 0.11 mO. The tests f?r ~ST-6 (456-514

producti on rates were so low that the only fl ui d recovered was di1 uted
drilling mud. Calculated permeabi1ities were 0.57 and 0.90 mil1idarcies (mO),
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