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EVALUATION OF BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO AND THEIR

with a section on DRILL-STEM TESTS, WIPP 31, by J. W. Mercer

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

The Waste Isolation Pilot Plant (WIPP) site 1s located aboit 40 km (25

in detail
1981). Site selection was based principally on the existence of a thick
section of Permian evaporites, mainly halite. The purpose of establishing
this site is to demonstrate whether or not an evaporite environment is

acceptable for the disposal of trans-uranic waste generated by the Nation's
— defense 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 channelways that might 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
——————occurred at the WIPP site.

Focus of Current Study

This report describes several dissolution features in the Delaware Basin |
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

. imneys are ed w ownward-displace
brecciated rock. In this context, the rock is brecciated by having collapsed -

| ANd UNn _d

40900 8 K and O »Y. d - SN
described in evaporite deposits in many areas of the world.

rem6v51 6f deep-lying eGapo}ite or-carbonaée rocks in an uﬁder1y1ng aquifer

The current study was done for the U.S. Department of Energy (DOE) in
response to a suggestion that because breccia pipes are thought to be the
result of deep dissolution, they may represent channelways for future ingress
sessment -
bedded evaporite

programs for th; evaluation of proposed waste repositories in
Mexi to the |
Reports by Anderson (1978), Bachman (1980), and Vine (1960) described
dissolution and karst features in the Pecos region of southeastern New Mexico

b
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and discussed the origin and histony of breccia pipes. The present report is

to them at the time their reports were written.

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

. Do breccia pipes penetrate through the evaporite section?
. What is the physical description of a pipe?
d?

1
2
4: How deep do they go?
5.

When are they formed, and are they forming at presemt?

b1 e?
7. MWhere are they formed, can they form at the WIPP site?
8. Do they represent a threat to the WIPP site?
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STRATIGRAPHIC SETTING OF THE WIPP SITE .

The WIPP site 1s at the northern end of the Delaware Basin of New Mexico
and Texas, a sedimentary basin of Permian age which is surrounded by the

L] s
(1973), Powers and others (1978), and Bachman (1980) and is only summarized
- here. ~

The stratigraphic sequence and time divisfons of the rocks of

southeastern New Mexico pertinent to this discussfon are shown in table 1.

Permian Rocks

Permian rocks in the Delaware Basin are all of marine origin and they are

Wol fcampian, Leonardian, Guada1up1ah, gnd Ochoan. Only rocks of the

Capitan Lihestone and Backreef Equivalents,
Tansill and Yates Formations

The Capitan Limestone and its backreef equivalents, the Tansill and Yates
s pitan is the reef
1imestone that surrounds the Delaware Basin. The limestone is genera]ly

1975). These deposits are much less permeable than the reef 1imestone and
they tend to retard the migration of ground water (Hiss, 1975).

w




Table 1.--Major stratigraphic and time divisions, southeastern New Mexico
(Time divisions from Berggren, 1972, and Bachman, 1980.)

ERA SYSTEM SERIES? FORMATION " AGE ESTIMATE
Quaternary Holocene Windblown sand
Pleistocene Mescalero caliche ca. 500,000 years

Gatuna Formation — ca. 600,000+ years —
-~ Cenozoic @ Pliocene =5 million yearse=enn--

Ogallala Formation

Tertiary Miocene
26 million yearS-~«=---
0ligocene Absent southeastern
Eocene New Mexico
Paleocene

(=]
o

"4
N

Lower (Early) Detritus preserved

136 million yearS~~====-
Mesozoic Jurassic Absent SE N. Mex.
190-195 million years--- _
Triassic Upper (Late) Dockum Group
Lower Absent SE N. Mex. i
225 million years i
- De '
Ochoan Rustler Formation
Salado Formation
Castile Formation
Paleozoic Permian 280 million years~=-==--

Guadalupian CapitanZ ¢ Tansill
Lime- Formation

st tes
Formation.

ITerms in parentheses are Epochs.

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




The backreef correlatives of the Capitan, the Tansi1l and Yates
For

Weaver pipe, but are not present at the WIPP site. These’formations consist
mainly of bedded 1imestone and interbedded sandstones over the reef in the
report area.

Castile Formation

The Castile Formation consists of several thick halite and anhydrite

Bell Canyon Formation an& fs, in turn, 6ver1a1n by the Salado Formation.. The
c .

Salado Formation

The SaTado Formation consists of halite units interstratified with
thinner beds of anhydrite, polyhalite, beds of glauberite, and potash

consideréb?y "dirtier" than the halite beds of the Castile.

Many of the

- . .0. 0 4 g 2 U 20 d Ha T e D-ed 3
correlation purposes. The basal unit of the Salado, where it overlies the
Capitan Limestone, is the Fletcher Anhydrite of Lang (1942). Locally, 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. )

Rustler Formation

- conformably by the Permian Rustler Formation which is also part of the Ochoan
evaporite sequence. T
ascending order, the lower unnamed member, Culebra Dolomfte, Tamarisk, Magenta
Dolomite, and Forty-niner Members.

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

beds. Halite is present 1'n all three members except where it has been removed

WIPP area. These three members vary in thickness depending on the amount of
halite removed by dissolutfon. Where dissolution has occurred, a reddish-
brown si1ty residue remains. This dissolution has created most of the karst
features described by Bachman (1980).

i mite Members are distinctive marker
beds in the Rustler Formation. The Culebra, about 8 m (27 ft) thick, is a

OWwlsn-gray,—thin-peaaed; 117 0 ado01o « iy §a ONTa
distinctive vugs about 2-10 mm (0.08-0.39 in.) in diameter which sometimes
contain sele i
basin area. The Magenta is composed of alternating thinly laminated reddish- |
brown dolomite and gray anhydrite layers. The laminae display distinctive
undulatory bedding. The Magenta is about 7.6 m (25 ft) thick in the area and
fs also an aquifer, although to a Tesser extent than the Culebra.




The average Rust]er in the vicinity of the HIPP site 1s about 82 m

the-amount of disso]ution that has occurred;

Dewey Lake Red Beds

The Dewey Lake Red Beds, conformably overlying the Rustler Formation,
consist of soft, thin even beds of poorly indurated reddish-brown to reddish-
orange siltstone and fine-grained sandstone which display numerous greenfsh-

1am1nations and ripp]e marks are common. Lenses of cross-1aminated fine-

that a chande fro

Ochoan time. Evaporite deposits are not present in the Dewey Lake but

secondary selenite fills concordant and discordant fractures. Selenite also

fi11s partings along bedding planes. These openings were probably caused by

sagging of the Dewey Lake over areas where dissolution had removed halite from
pre- 3

time and varies 1n‘th1ckness from zero to the west to 172 m (560 ft) to the

———east of the WIPP site.

Triassic Rocks

Rocks of Triassic age 1ie unconformably on and overlap the Dewey Lake Red
Beds. Bachman (1980, p. 26) referred the Triassic rocks in this area to the .
Dockum Group and that usage will be followed in this report.

These rocks consist mainly of we11 indurated f1uvia1 sandstone,

Group is as much as 460 m'(1500 ft) thick it pinches outralong a roughly
north-south 1ine that passes through the center of the WIPP site. These rocks
a;e important to this report as they are found in breccia pipes elsewhere in
the area.

JurassictandtEretaceouS‘Rocks

Th G o D-E e 4 J a¥. - Deer DU e C $1v3 v v
time and no rocks of that age are present. In Cretaceous time the area was
covered by a shallow sea, but rocks of Cretaceous a
collapse debris in areas of dissolution southwest of Carlsbad, N. Mex.--none
being preserved in the WIPP area.

Cenozoic rocks

and P1iocene age, and the P1eistocene Gatuna Formation and Mesca]ero

ar'ea.




Ogallala Formation

The Ogallala Formation in southeastern New Mexico consists mainly of
windblown sand on which the well-known "Caliche caprock” of the High Plains

has formed. The Ogallala is not present at the WIPP site and was either never
deposited or more 1ikely has been removed by erosion. The closest outcrop of
Ogallala is at "The Divide" 11 km (7 mi) east of the WIPP site.

Gatuna Formation

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

except where absent owing to erosion or nondeposition.

The Gatuna; mainly of fluvial origin, consists of unconsolidated beds

ranging from siTt to gravel. Much of the Gatuna is Tocally derived,
especially from reworking of Triassic conglomerates and caliche of the
cCaprock.

Mescalero Caliche

The Mescalero caliche (an informal name) caps many of the older rocks of
the area. According to Bachman (1980, p. 42) it appears to have accumulated

as the C horizon of an ancient soil after deposition of the Gatuna
Formation. Bachman reports that dates derived by the uranfum series

disequilibrium technique show that the Mescalero formed between 510,000 and
410,000 years ago. -

PREVIOUS WORK ON BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO

Numerous surficial features in and near the Delaware Basin have been

described as being related to dissolution of the evaporites of the Ochoan
Series. Vine (1960) described four domelike features as possible pipe

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

several domal sffuétufes iﬁvkhe bésin. Vine (i§63,ip: B46-B4i) cite; 11 of '
these to the west of the WIPP site. M

by Bachman (1980) to be no more than caliche-capped hills carved prior to
Mescalero time. The hi1l 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
ructure. Another structure cited by Vine in secs.
33-34, T. 22 S., R. 29 E. was mapped by Bachman (1980, fig. 18) and drilled

1980). No indication of dissolution in the Salado below the Vaca Trist;

dissolution in the Rustler and Salado For

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

dissolution below the Vaca Triste.




A hill in the NH 1/4 sec. 11 T. 21 S., R. 29 E. about 1.6 km (1 mi) west

(1980) and found to have beds of the Dewey Lake Red Beds dipping as much as
19°. According to Bac .

but not brecciated,” are covered with caliche. "The folds are presumed to be
the result of dissoiution and hydration of evaporites 1n the underlying
Rustler Formation."

Another example of domal structure called Tower Hi11, located in secs. 1,

horizontal rooms for use in storing biasting powder used in the MCC mine. C.

and undisturbed around the wal]s of these rooms.

Reddy (1961) studied several domelike, quasi-circular features southeast
of Malaga at Queen Lake. The features are generally surrounded by hogback
ridges dipping outward from the central portions of the domes. These hogbacks

m L ] e
central portions of these domes consist of brecciated Saiado and lower Rustler

of the overburden during 1ate Piiocene or early Pleistocene time. Additional

stress applied during the late Cenozoic uplifts of the Guadalupe and Delaware

Mountains could have aided 1n accelerating the upward movement of the halite

and causing the Rustler Formation to be intruded by the lower formations
eddy, 1961, p. 71).

Bachman (1980 p. 74, fig. 15) interprets the formationai history of

- ruch of the area near Malaga Bend (Queen Lake locaie) is underlain by chaotic
.brecc
of Salado partially overlain by a brecciated cover of Rustler. The less
soluble dolomites are draped around the sides of the domes. According to
Bachman, the formation of these domes is related to dissolution of the soluble
portions of the units and tectonism or salt flowage is not a factor.

the Black River vailey about 40 km (25 mi) southwest of Carisbad as the result

debris was washed into the channe1 and preserved. Subsequent erosion of the
surrounding Permian (Ochoan) beds eventually left the debris scattered on the
surface on the Castile Formation. There are no remnants of Ochoan rocks other
than the Castile in the immediate area which implied to Lang that simple
erosion of the intervening Ochoan beds was not the answer.

Bachman (1980) beiieves that the Cretaceous rocks were deposited on

and the fossil debris is the remnant of that heaviiy eroded Cretaceous

formed during Cenozoic time (Bachman, 1980

this interpretation citing other Cretaceous deposits nearby that rest in
younger-than-Castile depressions at stratigraphic horizons equal to the lower
S>alado. He also states that a "truncation surface sufficient to allow pre-
Cretaceous dissolution to reach into the Castile" would dip about 19 meters

@




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

9
GEOPHYSICAL STUDIES

Numerous geophysical studies have been carried out on and around the WIPP
site specifically to gain subsurface information concerning the site. Some of
these surveys were designed to search for possible breccfa pipes. Among these
were magnetic and gravity surveys by Ferruccio Gera (1974) of Oak Ridge

L) in conjunction with R. Hopkins of the Tennessee
Valiey Authority (TVA). and gravity and eiectricai resistivity surveys by

The resistivity surveys interpreted by Elliot (1976a,b) were run over
efght suspected or known pipes. Table 2 1{sts the names or areas involved and
the locations. Resistivity profiles across selected sites are shown in
figs. 2, 3, 4. and 5. Complete profiles and technical data for all eight
1ocations are given by Ell{iot (1976a). The resfstivity data across Hi11 A

53 Tow
resistivity that is “oundcd by high resistivity peaks as the survey line
crosses the circular ring fault. Interpretations of the resistivity profiles

conciusion that the following are breccia pipes: (1) Wills-Weaver, (2) Hil1l
C, (3) Hi11 A, and (4) Hi1l B. The remaining four sites are not interpreted -
as pipes.

Gravity surveys by Mining Geophysicai Surveys (West and WlEdUWi]t,'1975)
nd D. The data
* were interpreted by Eiiiot Geophysica1 Company (Eiiiot 1976b) Reasoning

anomalous readings is as follows:

If the breccfated material in the pipe was not well consolidated, the
additional porosity as compared to the porosity of the surrounding rocks would
cause the instruments to record a gravity low across the pipe, and {f the
material 1s denser than or better cemented than the surrounding rock a
gravity high would be recorded.

Figures 6, 7, and 8 show the gravity and topographlc profiies across the

a definite gravity 1ow at the Wiils-weaver and H111 A sites, but there is no
such low at the Hi11 C site (fig. 7). Elliot (1976b, v. 1, p. 22) states that
gravity data do not give a consistent gravity response across known breccia

pipes; and that gravity surveys are not a definitive method for locating these

breccia pipes.

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

- came from the center of these features.

w




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

Breccia pipe

designation
————or-locale — ___Location
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.

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

Hi1l 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
Fletcher Anhydrite(?).

Hi1l B 1.2, 21, 29 Hill adjacent to Hill A, breached on
: southwest side exposing brecciated
N rock.
Hil1 D 5, 21, 30 Hill southeast of Hill C, no rock

exposed under caliche cap, no
indication of dipping beds in
underground workings that pass close
to where pipe would be.

Unnamed hill 11, 21, 29 Hi11 about 1 mi west of MCC main shaft,
mapped by Bachman (1980) and found to
have no breccia exposed, did have
folded bedding.

Sec. 9 sink 9, 22, 31 Surface sink in southeast corner of
sec. 9, northern part of WIPP site,
drill hole W-14 Tocated here to
obtain data to explain gravity

afl .
section as deep as 1000 ft.

Sec. 14 sinkhole 14, 23, 30 Sink hole southwest of WIPP site, Tine
run over wrong part of_section,

missed sinkhole, datainconclusives—

10
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CORE HOLES AND UNDERGROUND MAPPING AT HILLS A AND C

Hi11 A

Hi11 A 1ies 1n 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

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

h111 has been eroded as a shaiiow basin that drains to the west. The outer
slopes of the hill are formed by Permian Dewey L R

Triassic rocks and capped by Mescalero caliche which dips quaquaversally about
15° (figs. 9 and 10).

n e basin and w nanring rau abou m ameter

iie brecciated anguiar rock fragments of the Triassic Dockum Group that both

than that present]y exposed outside the ring fau]t

To explain i i s
shown on plate 1 (in pocket) and figure 10, a discussion of the dissolution
front is needed. The name dissolution front can be applied to two different
stratigraphic horizons, the Rustler Formation and the top of the Salado
Formation. Work at the WIPP site and the surrounding area has shown that
— hatite from both of these formations s being removed by near-surface
dissolution. This dissolution is progressing from west to east across the
Delaware Basin (fig. 9). It appears that the dissoiution front is roughiy

- This 1eading edge starts in the Forty-niner Member of Rustier and as the
wedge thickens, progresses downward and westward into the lower two halite-
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
step” arrangement dropping stratigraphically down from 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

PX £ PN
JTLC.

Thi
the vicinity of Hi11 A. The geophysical logs of the two oil and gas
exploratory holes (Big Eddy 17 and 78) show no probable halite in the Rustler
and definite removal of halite from the top of the Salado.

Field mapping has shown the Mescalero caiiche _draping the outward-dipping

around and across the pipe must have been fa1r1y 1eve1 during deposition of

ha1ite from the area surrounding the pipe cause the area to subSIde, which did
not affect the relatively impermeable rock in the pipe. This lowering of the
surrounding area has resulted in the outward dipping of the surface at Hill
A. Bachman (1980, 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 $S
than about 400,000 years ago.
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Drill hole WIPP 31, Hi1l A

Drill hole WIPP 31 was sited inside the ring fault zone mapped by Vine
(1960) and Bachman (1980). The hole was drilled in two stages. The first
247 m (810 ft) were drilled during September and October 1978, and the hole
was later (July-August 1980) deepened to 604 m (1981 ft). Only a few feet of
core were taken in the upper 247 m (810 ft) of the hole. One core, from 229

indicatlon of this formation and somewhere between 8 and 94 m (25-310 ft)

llthology of cuttings‘andzcore 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,

rocks of the Dewey Lake Red Beds were found as deep as 503 m (1650 ff), wh1ch

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 the1r normal
positions.

One part of the Salado Formation halite (about 12 m or 40 ft; true
thickness) was the only thick recognizable part of that formation cored, but
many of the anhydrite fragments and much of the reddish-brown clay probably
are Salado rocks. The anhydrite, starting at a depth of 580 m (1903 ft) and .

Fletcher Anhydrite, or the base of the Salado Formation. It is the only known
anhydrlte in this area that is th1ck enough to account for the amount cored.

- (78 ft) a true thlckness about-ls m'(50 ft). It 1s estimatedithat about 3 9m
(10-30 ft) of the Fletcher remains below total depth of WIPP 31.

Because the Tansill and Yates do not contain water-soluble evaporites,
they are probably not the cause of the collapse of the overlying rocks. Below
these formations is the Capitan Limestone, a somewhat soluble rock known to
contain large caverns (Carlsbad Caverns) The most reasonable explanation for

Capltan, and the overly1ng rocks, as young as the Tria551c Dockum Group,
collapsed into the void. The Fletcher Anhydrite probably acted as a

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, and collapse occurred. Another possible method to consider 1s that
the cavity was filled with water to the base of the Fletcher, and declining
water levels removed the 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 beddlng and lts 1ntergrown crystalline:structure.i The'Tansill and
Yates are thin bedded granular rocks.

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

g xpToration hole
(Cities Service 0i1 and Gas, Big Eddy un1t 17) about 0.8 km (1/2 mi) southwest
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Table 3.--Lithologic description of cuttings for WIPP 31

correlated with geophysical logs.
0:3048; depths are from ground level]

[Color designatfon from Rock-Color Chart (Goddard and others, 1948).
To convert feet to meters multiply feet by

Depths not

Us + a—level

Description

Thickness

depth
(feet)

jnterval
(feet)

I Cuttings

No returns
| Mud and siltstone, dark-reddish-brown (10R 3/4) through

0 - 3

37.0

dark-yellow-brown (10YR 3/4), some greenish-gray
(SGY 3/4) siltstone; trace biotite and 1imestone;

calcareous; as much as 10 percent sandstone in part----

37 - 65

28.0

No returns-
Mud, siltstone, and sandstone, as in 37- to 65-ft

65 - 190

125.0

interval
No returns

230
459

190 -
230 -

40.0
229.0

Core 1
Rubble of siltstone, sandstone, and mudstone, moderate-

reddish-brown (I10R 4/6), dark-reddish-brown (10R 3/3)

and grayish-red (I0R 4/2), numerous greenish=gray
(SGY 6/1) reduction spots 1/2-2 mm in diameter; rubble

fragments as Targe as 15 cm
No core

1
F

o~
o0
[
.
w
'
&~
o
.
o w

Cuttings
Mudstone, siltstone, and sandstone same as unit at
37-65 ft; occasional fragments of chert, selenite,

Core 2
| Mudstone, siltstone, and sandstone, dark-reddish-brown

519

52.0

(10R 3/4) to grayish-red (10R 4/2) and moderate
| reddish-brown (10R 4/6); siltstone contains selenite

veins and greenish-gray (5GY 6/1) alteration spots and
biotite and pyrite; fragments as large as 2Z cm-------==
No core

519 -526.3
526.3- 529

7.3
2.7

Cuttings
Si1tstone, sandstone, and mudstone, moderate reddish-

brown (10R 4/6), grayish-red (10R 4/2) and 11ght-gray
(N7-N6); calcitic, biotitic, minor selenite------------

529 - 579

50.0

Core 3
Mudstone, siltstone, and sandstone, moderate-reddish-
brown (10R 4/6), dark-reddish-brown (10R 3/4), and

grayish-red (10R 4/2); greenish-gray (5GY 6/1)
reduction spots in siltstone, selenite veins cut

siTtstone and mud matrix; scattered chert pebbles;
possible carbonaceous plant material at 584 ft---------

579 - 589

10.0

Luttings

brown (10R 4/6), dark-reddish-brown (10R

589 - 695

106.0

I Yight-gray (N7); minor chert pebbles -
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Table 3.--Lithologic description of cuttings and core for WIPP 31--Continued

Thickness

epth

interval

Description

d
(fee

t)

(feet)

Cut 4

Sfltstone, mudstone, and minor sandstone, moderate-reddish-
brown (10R 4/6) and dark-reddish-brown (10R 3/4);
greenish-gray (56Y 6/1) reduction spots; siltstone

contains bedding planes dipping from 32° to 40%--c-----
No core

695.5-
703.4-

703.4
705,0

7.9
1.6

Cuttings
S{1tstone and mudstone, same as unit at 589-695 ft-------

705,0-

750.0

45.0

Anhydrite, white (N9)

750.0-

751,0

1.0

Core § :
Anhydrite, grayish-green (5G 5/2) and dusky yellowish-

green (106Y 3/2), gypsiferous; mottled; very finely
crystalline; laminated; trregular argillaceous laminae

Ko core
Core 6

758,9-

759.7

Mudstone breccia; grayish-red (10R 4/2) through dark-
| reddish-brown (10R 3/4) and medium-dark-gray (N4),

fragments less than 3 cm; slightly calcareous matrix---
Sandstone, dark-reddish-brown (10R 3/4) and grayish-red

759.7-

767.5

7.8

| (10R 4/2), very fine grained, hard, friable, minor

S calcite cement, MnO, stain on bedding surfaces,
gypsum filled fracture -

767.5-

771.0

3.5

Cuttings
Sfltstone, mudstone, sandstone and gypsum, reddfsh-brown

(10R 3/4), grayish-red (10R 4/2) and dark-reddish-brown
(10R 3/4) siltstone, mudstone same with some medium
dark gray (N4), sandstone same color as siltstone,

gypsum, white (N9); minor chert pebbles and selenite---
Core 7

771.0-

800.0

Breccia of mudstone and s{ltstone, moderate-reddish-
brown (10R 4/6), dark-reddish-brown (10R 374),

grayish-red (10R 4/2), greenish-gray (5GY 6/1);
slightly calcareous; mud matrix; portions colored
dark-yellowish-orange (10YR 6/6) - --

800.0-
809.8

809.8
810.0

9.8

NO core
No returns

810.0-

819.0

————Core
Mudstone-siltstone breccia, moderate-reddish-brown

| (10R 4/6) to dark-reddish-brown (10R 3/4); mudstone

| fragments up to 20 cm; siltstone contains greenish-

gray (5GY 6/1) reduction spots, lower 4 ft
{s one block, sfltstone in rest of unit, fragments

as much as cm, most less than 4 cm-------ceomec-rrcmaae

819.0-1022

203.0




Table 3.--Lithologic description of cuttings and core for WIPP 31--Continued

Thickness

depth

interval

Description

(feet)

{feet)

| Anhydrite, olive-gray (5Y 4/1), finely crystalline,

interlayered with moderate-reddish-brown (10R 4/6)
siltstone containing alteration spots
Siltstone, moderate-reddish-brown (10R 4/6) and dark-

1022,0-1032.4

10.4

reddish-brown (10R 3/4), numerous reduction spots and
veins of selenite; unit mostly shattered fragments of

single block of rock
Anhydrite, 1ight-olive-gray (5Y 6/1) to dark-yellowish-

1032.4-1051.7

19.3

brown (10YR 4/2), laminated in upper 2 ft; very

finely crystalline and medium-gray (N5) fn Tower
0.8 ft - -

1051.7-1054.4

2'7

Si1tstone, dark-reddish-brown (I0R 3/4) and moderate-
reddish-brown (10R 4/6); numerous greenish-gray

from individual blocks; gray (N6) clay filling

""""‘(5§!‘87I)‘Féaﬁétiiﬁ‘iﬁétfi‘many‘iengths‘uf‘core‘1n1r4444444444444444444—————4————4———4444444444444444444444444444444444444444

| S{itstone same as unit at 1054.4-1147.4 ft, anhydrite

1147.4-1149.8

fragment at 1167.9-1168.2 ft; some mudstone
| 4intervals; most of unit appears to be large

broken block with dips of -bedding as much as 55°---c=--
Anhydrite, medium- to medium-dark-gray (N5-4), finely
crystalline, many large blocks interspersed with small

1149.8-1210.8

61.0

~ (<10 cm) blocks of anhydrite and siltstone; 1.5-ft-
thick gravel 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 (N3)

siltstone at 1251-1253.3 ft overlying reddish-brown
(10YR 4/6) dissolution residue -—-
St1tstone breccia, moderate- to dark-reddfish-brown

1210.8-1292.0

(10R 4/6-10R 3/4); minor fragments of anhydrite as large

as 45 cm (1.5 ft); minor mudstone and sandstone fragments;

rounding of edges of fragments common
Anhydrite, medium-1ight-gray (N6) to medium-dark-gray

1291.0-1436.6

(N4), very finely crystalline; brecciated zone filled
with clay from 438.3-438.4 m (1437.9 to 1438.4 ft)aeee-
Mudstone, siltstone, sandstone, and anhydrite breccia;

1436.6-1442.5

5'9

moderate-r - ,dark=redd{sh=brown

(10R 3/4) siltstone, mudstone, and sandstone, medjum-

44Aggggggraygfjﬁdganhydr+te14fragmentsga£4}4ght-grayg{ﬂy) to

1ight-olive-gray (5Y 6/1) dolomite scattered through
- core; halite filled vug 4X7 cm at 1447.9 ft)

- - baSfemceccccancran=

1442.5-1457.6

15.1
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L TYable 3.--Lithologic description of cuttings and core for WIPP 31--Continued

Thickness
depth fnterval
) Description {feet) (feet)
————Halite; Tight-gray {N7); medium-gray (N5}, pale-reddish

brown (10R 5/4) moderate-reddish-orange (10R 6/6),
finely to coarsely crystalline; light-gray portions
| appear to be recrystallized; pale-reddish-brown

portions are argtllaceous, and moderate-reddish-
| orange portions are polyhalitic; dips measured

along polyhalitic streaks range from 50° to 60°--~-ew-- 1457.6-1518.7 61.1
Siltstone and anhydrite breccia; siltstone, moderate-

reddish-brown (10R 4/6) and dark-reddish-brown

(10R 3/4), many fragments contain greenish-gray
(5GY 6/1) alteration spots; angular anhydrite fragments

range from olive gray to very 1ight gray (5Y 4/1 to
N5); fragments of pitted dolomite at 1549.5-1551.2,

1559, 1578, 1586.7, 1614 to 1624 ft; laminated
1ight-brownish-gray (5YR 6/1) dolomite fragment at

. ; ol stains a an H uberite

T crystals at 1628.9-1629.3 ft; halite fillted fractures
and vugs fn lower 30 ft-----ccoccccmcna-na- 1518,7-1651.6 132.9

» - »
yellowish-brown (10YR 2/2) specks, very finely
——crystalline; scattered halite crystals throughout .

unit s -- 1651.6-1658.,2 6.6
Anhydrite and siltstone breccia, matrix of mud; angular

- anhydrite fragments medium-dark-gray (N4) ranging

*  to 50 cm; siltstone, moderate-reddish-brown (10R 4/6)
| to dark-reddish-brown (10R 3/4); dark-reddish-brown

(10R 4/3) mud matrix about 30 percent of unft-ceccmceaa 1658,2-1702.6 44.4
| Mud, anhydrite, and siltstone breccia; medium-1ight- ,

gray (N6) to 1ight-bluish-gray (5B 7/1) mud 1s about
60 percent of unit, anhydrite and siltstone fragments
as in unit above; pitted dolomite fragments at

1703 ft; scattered glauberite crystals and halite
filled fractures 1702.6-1762.8 60.2

Mud and anhydrite breccia; mud matrix grayish-red
(5R 4/2) and some medium-gray (N5); anhydrite as in

unit at 1658,2-1702,6 ft---- 1762.8-1782.8 20.0
Anhydrite and mud breccia; anhydrite as in unit at
1658.2-1702.6 ft; mud matrix, 1ight bluish-gray

fun
0
.

-]

(5B 7/1) 1782,8-1802.6
Anhydrite, medium-gray (N5) to medium-dark-gray (N4),

very finely crystalline; rock is brecciated and
fractures are filled with medium-bluish-gray (58 5/1)

——ctay; some {ntervals containsubrounded taminated-and
- subrounded—dense—anhydrite fragments as large as 4 cm

in a mud matrix -- : 1802.6-1903.0 100.4
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Table 3.--Lithologic description of cuttings and core for WIPP 31--Continued

Thickness

depth Tnterval

Description (feet) (feet)
| Anhydrite, medfum-gray (N5) and 1ight-olive-gray
(SY 6/1) laminated in part with brownish-gray

(5YR 4/1) and graytsh-black (N2) anhydrite, unit
dips about 50° and appears to be one large block-«---- 1903.0-1981,0 78.0
Total depth 1981.0
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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 —

hol e.

Figure 12.--Fragments of siltstone and anhydrite with a fragment of the

Magenta Dolomite below 1627~footage mark in WIPP 31. Arrows point
downhole.

Figure 13.--Breccia from WIPP 31 containing anhydrite and siltstone

fragments. A fragment of the Culebra Dolomite has the depth number 1448 B

written on it. Arrows point downhole.



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

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

Aﬁ

>1000'ft)rof the Salado 1n WIPP 31 must have been dissolved after collapse of
the material in the pipe.

At some time, minor amounts of o0i1 migrated from the Yates Formation
upward into the Salado. Traces of oil1 found in the brecciated rock in WIPP 31
hav en iden e alacas and others, as being similar to o rom
drill holes nearby that are producing from the Yates Formation. The oil

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

Results of hydrologic tests in WIPP 31 run by USGS personnel are reported

in a following section. Continuous monitoring of the drilling fluid performed
by Morco Geologlcal Services to determine the presence and amounts of

’ ’ ide, and nydrocarbons demonstrated that
untss

interpreted as follows:

1. Deposition of rocks as young as Triassic Dockum Group.

2. Cavity formation in the Capitan Limestone by circulating
ground water.

. P e Yates and Tansi ormations into cavity.

4, Support by the Fletcher Anhydrite kept further upward collapse

5. Eventual collapse of the Fletcher and downdropping of Salado
and
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
in the pipe continually being carried or dropped downward during
this stage.

. i r

8. D1ssolutlon front removes all Rustler halite and some upper halite

-

dlp away from-plpe.
Hi11 C

Hi1l C is another dome-shaped surface feature 3 km (2.5 mi) southeast of

""“tttthlltﬁt“Tt‘rTses‘about‘30“‘rtoo ft) above the surrounding terrain, is

roughly clrcular 1n plan, and 1s about 350 m (1150 ft) across. It has been

whlch'partially engulfs the Gatuna'Format1on'and'brecc1ated rock.of Triass1c
age. The Mescalero caliche is offset slightly in several places and is
displaced downward toward the center of the hill, apparently in response to

n
@




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

[ 4
>

Samples for palynomorph analyses were collected from the brecciated
Dockum Group rocks and were studied by Robert M. Kosanke of the USGS. Kosanke
reported (oral commun., 1981) on the findings as follows: The samples yielded
few palynomorphs and they were poorly preserved. Palynomorphs are usually not

e presence of calcareous matter does no
normally help with the preservation. The samples did, however, yield a few

——————poorly preserved palynomor
L most abundant of these wou'
braunii. Botryococcus is known to occur from early Paleozoic time to the

present day where it is a member of the freshwater plankton, is widely
distributed throughout the lakes of the United States, but is rarely
abundant. Botryococcus is abundant and the primary constituent of boghead or
algal coals known to occur in Alaska, Australia, France, Scotland, South
Africa, and mainland United States. It {s not so much an indicator of age as

) ) p .ly

grains, and several winged pollen grains assignable to Pinus. In addition,
several spores refer i n
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 dated by field mapping as

S

precluding the use of palynomorphs, in this case, to date the exposed rocks in
rt of Hill C.

-

The breccia pipe at Hi1l C provided an unp
a pipe in three dimensions. Prior to our investigatfon, 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,
i n of ore zones) in the MCC potash mine one of the

mine entries encountered the edge of this pipe. Not only were the rocks

of the breccia in the pipe itself could be studied.

The objectives of investigating Hi11 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
was planned to match the underground pipe boundary with its surface expression
and to identify the stratigraphic origin of the displaced rock fragments in

permeability and porosigy of the pige and, if possible, the origins and ages

It was planned to drill horizontal core holes across the breccia pipe
from the mine 1evel to examine the breccia, determine the pipe dimensions, and
collect samples 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

f1u1ds or gases that might endanger the mine if 1ntercepted by horizonta1

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
16 is given in table 4, and an abbreviated 1ithologic 1og is given in table 5.

— Exploratory drill holtes for potash are tocated in the immediate vicinity
of the breccia p1pe (fig. 14), and two of these are combined with boreho]e

rock lfiu: 15\-

WIPP 16 penetrated brecciated rock of the Triassic Dockum Group, and the
Permian Dewey Lake Red Beds and part of the Rustler Formation. Although the
Rustler has been downdropped and shattered, the beds, unlike the overlying
rocks, were in recognizable stratigraphic order. The contact of the Rustler
and the overlying Dewey Lake has been downdropped about 189 m (620 ft) (fig.

> . W

31 at Hi11 A where no halite’and no recognizable stratigraphic sequence of

. rock was found to represent the Rustler

The explanation for the nearly intact Rustler, minus halite in the Forty- .
niner and Tamarisk Members, in WIPP 16 is a problem. At Hi1l A (WIPP 31), the
sequence of deposition, collapse of material in pipe, erosfion, deposition of
caliche, and dissolution of halites in the Rustler and upper Salado seems

and arrange a
plau51b1e sequence of events for the formation of the p1pe at Hill C ca11s

an unreasonab]e t1m1ng for the d1sso1ution of these halites. It is probable

that the formation of the pipes at H

times.

The dipping beds shown abutting the pipe in figure 15 are explained by
vidence. e surface dips o e un erentiated Triassic
rocks are mappab]e at the surface.. The 1nward d1pp1ng rocks of MB 121 are

1n the Salado (MB 109) is a reasonab]evplace-to put 1t. '

0i1 smears were found on core from WIPP 16, just as they were in WIPP
31. In WIPP 16 the rocks containing these smears were anhydrite, halite, and
dolomite of the Rustler Formation. (Analysis of this oil was reported by
Pal

oD L Y

acas and others, 1982.)

d1d not 1ndicate the presence of'water.riMorco Geo]og1ca1'Serv1ces
continuously logged drilling fluids to detect €05, hydrocarbons, nitrogen, and

w
aiy




Table 4.--Stratigraphic column of borehole WIPP 16

Thickness
Stratigraphic unit Meters Feet
Chaotic breccia of Triassic rocks and 0-349 0-1145+
Dewey Lake Red Beds
Rustler Formation---eeecmmmcmc e e 349-396 1145-1300+
= ' . S
and siltstone . mmmmmm e 396-361 1145-1186
Magenta Dolomite Member-----c-cccccccacnaaaao 361-365 1186-1199
Tamarisk Member, anhydrite, sandstone
and STTtStone.-—=——-=-—c—-mccmcmmcmcmcmmom- 365-382 1199-1252

ST1tStONE == mmmmmm e e e -~  389-396 1276-1300

- Total depthe--—ceecocmoccmmocmmooem 396 1300
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Table 5.--Abridged lithologic l1oq of borehole WIPP 16

[Color designation from Rock-Color Chart (Goddard and others, 1948). Cuttings
40-120 ft, core 123-1300 ft; depths from driller, not matched to geophysical
. g ; from ground level]

Thickness
depth - interval
Description (feet) (feet)
No cuttings logged ——- 0 - 40 40.0
Sandstone, siltstone, and clay; sandstone is grayish
red (10R 4/2), very fine to fine grained and ranges .
from 10 to 60 percent of sample; siltstone is
moderate reddish brown (10R 4/6) and 1ight olive
gray (5Y 6/1) with traces of greenish-gray (5GY 6/1)
reduction spots, 40 percent of sample; clay is medium
11ght gray (!ﬁf. 0-30 percent of éamp!e; some (10
percent) moderate-reddish-brown (10R 4/6) to dark-
reddish-brown (10R 3/4) mudstone in lower (25 ft)------ 40.0- 120.0 80.0
[ NO TEtUrNS-----=-meeemeemooom==" ~120,0- 123.0 3.0

Siltstone breccia, moderate-reddish-brown (10R 4/6)
—cnd—dnfk—fedﬂs-hvblwn—(—l—gn—w;—S%med—Mlbs—m—
- patches—of greenish-gray (5GY 6/1) alteration 2ones;
core consists of unbroken blocks as large as 0.3 m

L {1 ft) as wel) as angular and rounded fragments of

recemented siltstone; alteration spots do not cross
L fragment boundaries; dips, where bedding apparent, .
are as steep as 71°, but there is no regular 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, 169.2-170.2, 172.1-176.0,
180.6-181.0, 185,3-186.0, and 189.0-191.0 fteo---e-aceoae 123.0- 191.7 68.7
Sandstone, grayish-red (10R 4/2), moderate- and dark-
reddish-brown (10R 4/6-10R 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, moderate-reddish-brown
(10R 4/6) siltstone; dark-reddish-brown (10R 3/4)
mudstone; fragments are subangular to subrounded and
range in size from 0.5 to 4 cm (1/2-1 1/2 in,)--cceeca- 201.4- 203.0 1.6
—Sandstone, siltstone, and breccia conststing of —
sandstone, siltstone, and mudstone, moderate-reddish-
brown (10R 4/6), and dark-reddish-brown (10R 3/4);
= a¥ ¥
crossbedding 1n sandstone range from 50° to 75°;
- fractures in sandstone and siltstone rehealed with
calcite and selenite; much of breccia has a matrix of
; - -226
244,9-247 .0, 247.8-251.0, 260.4-261.0, and
265.6-265.8 ft--c-cmcmcccnccnccccnnnemccncsccnaccnnooo- 203.0- 265.8 62.8
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Table 5--.--Abridged 1ithologic log of drill hole W-16--Continued

Thickness
depth interval
Description (feet) (feet)
Mudstone, dark-reddish-brown (10R 3/4); breccia of

mudstone and sandstone and siltstone; some greenish-

gray (5GY 6/1) mud fi11ing between fragments; most

fragments range from 3 to 5 cm (1-2 in.)emcccccocncnce- 265.8- 272.5 6.7
Sandstone, moderate-reddish-brown (10R 6/4), very fine

grained, fractures filled with mud; few scattered

greenish-gray (5GY 6/1) reduction spots--e--=wmcocaoeae 272.5- 280.0 7.5
Mudstone, dark-reddish-brown (10R 3/4) brecciated and

interspersed with subrounded sandstone and sfltstone

fragments ranging from 2 to 10 cm (1-4 {n.); minor

greenish-gray (5GY 6/1) alteration spots and zones

throughout unit; minor core loss at 295,9-296.0 and

305.9-306.0 ft-«--- -- meemmmemmmmcessssccccoans 280.0- 329.8 49.8
——Sandstone, stitstone, and mudstone breccta—sameas—unit
at 61.9-81.0 m (203.0-265.8 ft); calcite and mudstone
——fi)led fractures throughout unit; fragments range from
L 2to 17 cm (1-7 in.), matrix of mud; no core from 458.8-
459,0, 489.0-491.0, 494,5-496.0, 498.8-501.0, and

Mudstone breccia, dark-reddish-brown (10R 3/4), scattered
| subrounded to angular fragments of siltstone and .

sandstone ranging from 1 to 10 cm (1/2-4 in.);

scattered greenish-gray (5GY 6/1) reduction spots; no

core from 17.7 to 177.1 m (580.8 to 581.0 ft)--er---=-= 563.0- 594.6 31.6
«~ Sandstone, siltstone, and mudstone breccia same as unit

at 329.8-563.0 ft; calcite healed fractures in sandstone

fragments; mud matrix around fragments that range in

size from 0.5 to 17 c¢m (1/2-7 in.), dips 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 62.7

kL}




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

Thickness

depth

interval

Description

(feet)

(feet)

Siltstone and mudstone breccia, dark-reddish-brown

for its steep dip.

(10R 3/4) and moderate-reddish-brown (10R 4/6), much
of unit consists of fairly undisturbed rock, except
Scattered subrounded

fragments of moderate-reddish-brown (10R 4/6)
sandstone and greenish-gray (5GY 6/1) mudstone

and clay fillings between fragments; dips of
30°-65° on bedding planes; scattered fractures

£AaF Q_¢F Fal 703 6=-706-0

Fehealed with gypsum and selemite; core tossat

706-6-709 &

659:0=661<0;
719.4.720.7,
756.0-755.5,

o6
V0w I=000.U, 7TUS0=7UL U,

730.9-731.0, 734.7-735.3,
762.7-761.9, 774.6-776.0,

U0 0=/ U3+0;

747.0-747.5,
777.1-781.0,

783.6-786.0,
805.4-805.6,

790,3-791.0, 791.8-796.0,
810.2-810.6, 833.6-833.8,

797.7-798.2,
850.8-851.0,

853.4-857.0,
977.8-978.0,

938.9-939.0, 945.6-946.0,

960.8-961.0,

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 ftemcecmccccmccmccnucumrecm e
Anhydrite, medium-gray (N5) and olive-gray (5Y 4/1)

657.3-1145.3 4

8.80

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°; oil bleeding from brecciated zone at

352.3-353.0m (1156,0-1158.2 Ti)emwmommemmmmmmmmaaaa==- 1145,.3-1168.9 23,6
Mudstone, moderate-reddish«brown (lqg 4/6), containing
siltstone fragments and reduction SpOts---=====e=<====< 1168.9-1172.0 31
NO COPRemcmamccuommmm e ccccs e mcmm e ——— 1172,0-1175.0 3.0
—Anhydrite, oTive=gray (5Y 4/1)and-medtum=bluish-gray
(58 5/1), argillaceous filling 1in hairline fractures--- 1175.0-1177.7 2.7
NO COP@eccmmmcceccccemtem e eemamecccmam e e e 1177.7-1178.0 .3
Anhydrite, brownish-gray (ﬁ!& 4/1), light-bluish-gray
(5B 7/1), light-greenish-gray (5GY 6/1) and grayish-
| yellow (5B 8/4), very finely crystalline, dips 38°-40°;
fractures filled with clay---scccccomonemmnnmnnencccanas 1178.0-1186.3 8.3
Anhydrite, dolomitic, greenish-gray (5Y 6/1) and light-
brownishegray (5YR 6/1)-----o--seeemmmmommoam oo 1186.3-1186.6 .3
No COre--coescmammmmmmmmno et en o m oo o 1186.6-1186.9 .3
Anhydrite, dolomitic, same as unit at 1186.3-1186.6 ft,
brecciated and recemented; laminae dip 36%--ce-cecwwcaaa- 1186.9-1192,.6 5.7
Dolomite, greenish-gray (56Y 6/1), light-olive-gray
(5Y 6/1), and 1ight-brownish-gray (5YR 6/1) wavy
olive-black (5Y 2/1) laminae, gypsum along some
1192,6-11986 60

Taminae; brecciated and rehealed 1n parte-«--<c<c<ccc====<
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Table 5--.--Abridged lithologic log of drill hole W-16--Continued

Thickness
depth interval
Description (feet) (feet)

| Anhydrite, same as unit at 1145.3-1168.9 ft, brecciated

in part and containing subangular to subrounded dolomite

dolomite fragments, breccia very well cemented; laminae

in unbroken parts dip 50° 1198.6-1220,4 21.8
Anhydrite, 11ght-olive-gray (5Y 6/1) mottled with

brownish-gray (5YR 4/1), very finely crystalline, 2-cm-

long dolomite fragment at 1224.3 ft; minor fractures

filled with mud -—-- 1220.4-1227.0 6.6
Anhydrite and brecciated anhydrite and dolomitic

anhydr‘lt_:e; medium-gray (58 5/1) and dark-greenish-gray

(56Y 4/1), dolomitic parts laminated with 11ght-olive-

gray (5Y 6/1); fragments are subangular to subrounded

mud fi1ling between fragments; some fractures mud

filled
Mudstone, medium-bluish-gray (58 5/1) grading to
- moderate=—and—dark-reddish-brown {10R4/6-10R 3/4),
- p¥able, contains fragments of siltstone and gypsum
less than 2 mm; lower foot mostly anhydrite/gypsum----- 1237.0-1243.4 6.4

| Anhydrite, medium-11ght-gray (N6), faintly laminated and
mottled dark-yellowish-brown (10YR 4/2); few bituminous

| laminae with o1l bleeding from them-——---eccecccaooo—o- 1243.4-1249.4 6.0 .
Dolomite, 11ght-olive-gray (5Y 6/1-5Y 5§/2), very
finely crystalline —— 1249.4-1250,1 o7
Anhydrite, same as unit at 1243.4-1249.4; halite crystals
~  f{11ing vugs along bedding--- 1250.1-1251.5 1.4

Dolomite, medium-11ght-gray (N6) to 1fght-bluish-gray

(58 7/1); very finely crystalline; anhydritic in part,

lower part grades to grayish-yellow (SY 8/1) and

(SY 7/2); numerous vugs; halite filled fractures in

lower part of Unft-——-c-cccemeecammoocooocommmm- 1251,5-1276.1 24.6
Mudstone and clay, brownish-gray (5YR 4/1), medium-gray

(N5), and moderate-reddish-brown (10R 4/6); contacts with

upper and lower units dip 32° and 35°, respectively---- 1276.1-1278.4 2.3
Halite, moderate-reddish-brown {10R 4/6), finely to

medtum crystalline, very argillaceous; numerous

anhydrite stringers scatered throughout; ott bteedtng— — — — — — — — ——

from halite at 1281.5-1282.0 ft-- 1278.4-1286.9 8.5
Clay, grayish-red (10R 4/2) and olive-gray (5Y 4/1);
- rounded anhydrite fragments in lower Part--s=sa------—— 1286.9-1287.3 L
Anhydrite, very 1ight gray (N8) to 1ight gray (N7), very
%Wmm&hwﬂms:
faint laminae dip 40°-45°---- --- - 1287.3-1293.5 6.2
| Halite, moderate-reddish-orange (10R 6/6), finely

| crystalline; anhydrite stringers scattered
throughout B L e L L L ELL Sty 1293.5-1294.0 5
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Table 5--.--Abridged lithologic log of drill hole W-16--Continued

Thickness

depth interval

Description

(feet) (feet)

| Anhydrite, same as unit at 1287.3-1293.5 ft, halite bands

parallel to anhydrite laminae diping 40°-45%-----o-u-e-
Mudstone, anhydritic, dark-reddish-brown (10Y 3/4),
gypsiferous and halitic ——-

1294.0-1297.7 3.7

1297.7-1300.0 2.3

Total depth -

1300.0

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

million between 365 and 366 m (1198 and 1200 ft). No other gases were
detected in the drill hole.

In WIPP 16, all of the breccia above the Rustler Formation is composed of
Triassic Dockum Group and Permian Dewey Lake Red Beds. Some idea of the
minimum thickness of these units at the time of collapse of the material into
the pipe can be estimated. The present thickness of these two units in the

e are abou m
e bulking factor of

(475 ft) thick in nearby drili holes. Using an approximat

the pipe would be about 181 m (595 ft). This is about half (181 versus 350 m;
595 versus 1150 ft) of what is present. Apparently there was another 145 m
(£475 ft) of Dockum Group rock overlying the present Dockum Group. Following
this 1ine of reasoning, the collapse may have occurred at a time when a more
complete sequence was present. The core from WIPP 16 contained no voids, but
rather a great deal of fine sediments, mostly clay and silt-size material.

aﬁd théréby require an even thicker section of rock than the extra 145 m
(2475 ft) at the time of collapse.

This estimation technique cannot be used in WIPP 31 because the loss of .
halite in the Salado and Rustler Formations adds too many variables to the
calculations. Unfortunately, there is no way of estimating 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 6f Hi11 C, and thicknesses of over 457 m (1500

ct

LA A4

During this stage of the collapse
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 o

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 approached the
breccia pipe, the ore zone began to dip down at a steeper angle than the
mining machine could follow, so the machine mined progressively higher and

i P was reached (fig.

— higher beds {figs. 16 and 17) until the edge of the pipe
18). Mining exposed about 19 m (63 ft) of stratigraphic section above the 7th

Adavanced abo m 3 nto P Dreccla pipe and a ho ontal
exploratory hole was drilled 10.7 m (35 ft) into the pipe and still
encountered breccia. The hard polyhalite marker beds above the 7th ore zone
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Figure 16.--Left rib of 16-L drift, breccia pipe to right 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- (1-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 drift as in figure 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 18.--Left rib 16-L drift. Pick leaning on breccia pipe material.
Boundary of inplace halite and breccia of pipe is line
that starts at base of 0il stain in lower left corner,
passes just above hammer handle and reaches top of photo
near center. The Tine 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=anhydri te.
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(Nos. 120, 121, and 122) and the blocks of anhydrite and polyhalite (figs. 19
ning machinery
mining in that direction was discontinued.

Developmental mining was continued by driving the entry to the northeast
for 183 m (600 ft) and then proceeding northwest again in order to bypass the
breccia pipe. Here again the ore zone was found to dip more abruptly and
steeply than the machine could follow. In this case the beds also dipped down
toward the pipe, but the pipe now lay to the southwest of the newly mined
— entry. The ore zone disappeared beneath the floor for a distance of about 76
m (250 ft) and the drift exposed about 3 m (10 ft) of the stratigraphic

resumes. This perturbation of the regiona1 d1p 1s a1so shown by the structure
contours in figure 22. It is assumed that the dip of the beds in the bypass
drift, which is very abrupt, is in response to collapse of material into the
pipe which lies to the southwest of that entry. No faulting is seen in this
entry or in a small diameter core hole that SNL drilled horizontally towards
the pipe for 19.5 m (64 ft).

mapping and for SNL personne1 to perform severa1 experiments in the vic1nity

underground radar stud1es were done by personne1 of SNL and by Dr. Robert R.
Unterberger of Texas AM (Unterberger, 1981). The purpose of these field .
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

successfu1 in de11neat1ng the breccia-pipe boundary. Geologic mapping of the

. pipe was done in February y

preparing profiles of the ribs (wa11s) to show as much stratigraphic and

several places by augering upward through the back (roof) to probe for certain
marker beds.

Mapping showed that not only had the strata of the Salado Formation on
the south side of the pipe been bent downward by the col1apse but also the
eds are displaced downward towar e pipe abou t) by a nearly
vertica1 per1phera1 fau1t 43 m (140 ft) from the pipe (f1g. 24) This

1nto wh1ch the rocks col1apsed may have been Iarger in diameter than the

ce

Gl

0i1 seeps were encountered in the mine (fig. 23) near the breccia pipe in
drifts 15-L and 16-L. Most of this ol was seeping from the fault 43 m
(140 ft) from the pipe and moving along bedding planes, especially where
polyhalite and anhydrite beds intersected the fault. Analysis of this oil and
oles is reported by Palacas and others .

Horizontal Coring Underground

Using a portable drilling assembly designed and built by SNL personnel,

three horizontal core holes were bored fr
(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.

I3
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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 co:e

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

In the next to the bottom row of core in figure 26, just in from the left
side is the clay seam contact 24.7 m (80.9 ft) between the normal stratigraphy
. ’ s of gray are
fragments of halite and anhydrite in a brown clay matrix. The black disc in

section of the hole.

Hole B (fig. 25) was cored to a 1ength of 18.3 m (60.1 ft). The core in
the first four rows in figure 28 was shattered during drilling, less pressure
was applied to the bit during coring of the rock in the last two rows. 0il
stained the Tower 0.4 m (1.4 ft). The oi1 caused a Tack of circulation of the
air cooling the bit and hindered removal of the cuttings below 17 m (56 ft)

Figure 59 is a geologic cross section of the hole.

Hole C (fig. 25) was drilled slightly up from horizontal to a length of
19.6 m (64.15 ft). No recognizable 1ithologic units were penetratel. Clay .
was penetrated in the last 0.6 m (2 ft) of the hole and the bit and pipe were
Jjammed in place. A total of 14.6 m (48 ft) of drill pipe was recovered,
lTeaving 7.3 m (24 ft) in the hole. It is not certain whether or not this clay

9
cored just before the pipe became stuck was drilling 1ike halite and not 1ike
1] = [} [h o . DA N a N - 1 -

- n A r} - -
1} ale DO a 5 0

tensvofvfeét Béyond the énd of &ri11ing. Figure 30 is the geologic cross
section of hole C.

The question of whether or not the walls of the breccia pipe are vertical
or the pipe is a cylindrical-shaped body cannot be fully answered with the
— avaiTable data. Superimposing the surface trace of the pipe with the one area
underground shows that the underground boundary of the pipe is about 30 m (100

surface. This could indicate that either the pipe does increase in diameter
. . c 1

orfentation.

In studies done by Piper and Stead (1965, p. 34), it was found that most
collapse structures over underground nuclear tests are roughly cylindrical.
In additional studies on the same subject, Houser (1970) used a §y1indrica1

] .
points to the cylindrical shape\in some cases, other cases indicate an
rd

A~

Landes and Piper (1972) in studies of brine cavity subsidence in
Michigan, state that surface features outside the collapse area do not extend
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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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Figure 28.--Bottom hole core from drill hole B, MCC mine horizontal hole.
The upper four rows are nearly pure halite crushed during

coring, the lower two rows are oil-saturated argillaceous
halite (coré 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 chimneys have funnel shapes.

The general shapes of the breccia pipes at Hil1ls A and C are believed to

OTHER SUSPECTED PIPES IN DELAWARE BASIN
Wills-Weaver Pipe

In the earlier discussion of geophysical studies carried out in the basin
for the WIPP site, the Wills-Weaver area was mentioned. A hole was dril[ed in

- 9 . LY . . . d
rock. Interpretation of geophysical surveys, namely electrical resistivity
and both ’ 0
been done at this site. It is believed to be a breccia pipe. The hill over
the pipe has not been breached by erosfon and no near-surface structure can be
Seen.

Hi11 B

Hill B 1ies immediately south of Hi1l A (fig. 9) and rises 28 m (93 ft)
above the surrounding terrain. It fs round in plan, dome shaped and caliche

- some brecciated Triaséic rocks (Bachman, 1980) are expésed, but no ring fault
has been seen.

Electrical resistivity (E111ot, 1976a) and gravity (Elliot, 1976b)
surveys give anomalous readings across the hill much 1ike at Hi11 A. No
drilling was done on Hi1l1 B, but the data of Bachman and Elliot strongly
suggest that this hill marks the location of a breccfa pipe.

WIPP 13 Area

An electrical resistivity survey (E11iot, 1977) across an area about 2.4
km (1 1/2 mi) north-northwest of the center of the WIPP site indicated a
possible breccia pipe area. The resfstivity signature across this area
appeared much 1ike those signatures across Hills A and C. In 1978,
interpretation of a gravity survey across the area indicated a gravity low
P I TOWS, » oral commun., . ere
is no topographic expression, of either a hill or a depression; but because of

]
exploration was needed. Drill hole WIPP 13 is located near the center of the
resistivity anomaly.
indicate that no buried structural anomalies exist at the WIPP 13 location
(Gonzales and Jones, 1979) to account for the resistivity anomaly. The
probable cause for the anomaly is an increase of sandy, more porous material
in the Dewey Lake Red Beds containing more water than is found in the
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WIPP 13 was later deepened from its original depth of 311.2

surrounding area.

Formation.

WIPP 32 and WIPP 33

About 17.6 km (11 mi) west-southwest of the center of the WIPP sfte s a
small topographic high which was described by Vine (1963) as an elongated
domal structure. Rocks of the Rustler Formation are exposed at the surface.

structure. Most of the soluble rocks
of the Rustler, as well as the halites in the upper 34.7 m (114 ft) of the

s ground water. Below the Vaca Triste —

(Snyder and McIntyre, 1980). Bachman (1980) states that the brecciated
Rustler and Salado rock in drill hole WIPP 32 is the result of blanket
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
feature s called a karst mound by Bachman (1980, p. 78), and is primarily an
erosional feature.

%he WIPP site was found to contain an unusually thick amount of fi11 material
G. 0. Bac

of a breccia pipe.
of 256.0 m (840 ft).

WIPP 33 was drilled and cored in the de
Below the thick fi1l (13.4 m or 44 ft

ression to a depth
?, including

artificial fi11 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

rea where this
dissolution has been found in other drill holes (nghman, 1980). No breccia
3 1Pp

&1 F e

-

PIPELIKE FEA

Pipelike structures have been studfed and mapped in a number of places in

the world. Al1 of these structures are in areas that have evaporites in the
—_subsurface.
South Dakota and Wyoming

1 ak0old and WyQ tudie 0 the Minnelusa Drma on D B0 s
and Braddock (1963) show that the Minnelusa (Permian-Pennsylvanian), composed
of 1imestones and gypsum has undergone dissolution and brecciation. The
overlying rocks, as much as 305 m (1000 ft) thick, have been affected and
blocks of the Minnelusa Formation have dropped as much as 45.7 m (150 ft).
The unit underlying the Minnelusa is a sandstone that has undergone only minor
i overlying Opeche (Permian) and Spearfish
ound incorporated in the breccia.

(Permian-Triassfc) sfltstones are f

downdip from surface exposures. Some pipes started development in Holocene
time and are 73 m (240 ft) deep and 18 m (60 ft) in diameter. Analysis of
water samples from springs and wells indicates that dissolution is continuing
at the present time.

(S
(=)




In a report by Brobst and Epstein (1963 pP. 331) pipes "tens to hundreds
i ” 4 ) i - = = - s

quadrang1e of'wyoming.and South Dakota. The authors attribute the pipe‘
formation to the solution of

Formation. Fragments of overlying Permian rocks are fncorporated in the
breccia 1n the pipes. The formation of these pipes started after the Black
Hi11s uplift (Late Cretaceous-Early Triassic), and the dissolutfon is
continuing to the present.

In-the Wyoming=South Dakota area, the anhydrite-gypsum layers of the
Minnelusa and overlying Opeche and Spearfish Formations are the rocks involved

E WP
LT

formations as indicated by analysis of well water in the area. Brobst an

Epstefn (1963, p. 336) attribute the near-vertical orientation of the pipes to
their formation at intersections of joints. They also postulated that most of
the pipes have their roots in the Minnelusa, although some may be rooted in
the underlying Pahasapa. The breccia in the pipes has been well-cemented by
stand out on cliff faces and as small hills above the

3
surrounding terrain.

Michigan -

Michigan also contains breccia pipes. Llandes and others {1945) describe
the occurrence and possible formative history of these pipes in the Mackinac
Straits area. They attribute formation of the pipes to cavity forming in the
evaporite-rich Pointe aux Chenes Formation (usage of the Michigan Geological
Survey) of Silurian age. In the subsurface the formation is called the
Sa11na. 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 report. He and the other authors favor a solution to-cavity to-
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

found in the breccia mass. Downward displacements of
from 183 to 457 m (600 to 1500 ft) are recognized in a quarry at Calcite,

these breccias as a cong]omeration of rock fragments of every degree in size

with interstices between the larger fragments4f111ed4w1th4smallerefragmen+c
which range downward from a few inches to dust size.

Where calcium carbonate was available in the water moving through the
brecciated rocks, they are firmly cemented by calcite. Other pipes have
l1ittle cement if their matrix contains shale which filled the interstices

——betweenthe Timestone blocks and impeded the flow of ground water.

The age of the breccia
p. 136-137). The vounaest rockafoundglngthelbrecciaemasses/isethe Detroit

AR
Jy

River Formation of Devonian age. These rocks must have solidified prior to
collapse or they would not form discrete blocks in the breccia. At a quarry
in Calcite, Mich., the flat-bedded Dundee Limestone (Devonian) can be seen -
overlying the brecciated Detroit River Formation. Collapse and brecciation

— must have been completed before the Dundee was deposited. Collapse could have




begun in the formations below the Detroit ﬁiver Formation prior to the

this. The dissolution of rocks in the Pointe aux Chenes Formation appears to
be 1imited to the outer bound

near the surface. There may be some continuing dissolution now, but the
majority of the formation not dissolved now 1ies below the level at which

major dissolutfon occurs.

Canada

Underground exploration in Saskatchewan, Canada, for potash resources has

) $ O+t ° §

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

Crater Lake in southeastern Saskatchewan is described by Christiansen
(1971) as a breccia chimney or pipe. The structure consists of two concentric
fault-bounded cylindrical collapses; the inner cylinder about 30 m (100 ft) in

&60u£'13,600 years ago. Tofal vertical collapse for the two cylinders is
about 58-73 m (190-240 ft) (Christiansen, 1971, p. 1511-12),

Figure 31 is a diagram by Gorrell and Alderman (1962, p. 307) that can,
with modification, explain the 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 51 to explain the outward dipping of the surficial rocks at Hills A and
C.

Dissolution in the Venn area may be the result of the porous Winnipegosis
reef acting as a channelway for freshwater to reach the overlying salt and
cause local dissolution (Bishop, 1954, p1. 1 and fig. 4; Gorrell and Alderman,
1962, p. 311).

Germany

Numerous collapse structures in the Zechstein area of Germany have been
des i
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
(1973) cite examples of breccia-filled pipes in the Solling Arch in the
Bundsandstein 750-950 m (2460-3117 ft) above the Zechstein salts. The
- . fsno
soluble'materiaI 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 Keuper and Muschelkalk
(Triassic) age. These sinks are in rocks of the Lower Muschelkalk (Middle
Triassic) which overlie the Bundsandstein. He attributes the collapse to the

[32]
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boundary. (A) Precollapse; (B) After cavity formed in Capitan Limestone,
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(C) Collapse complete, surface sink infilled by erosion of Dockum Group,
caliche formed over surface; (D) Halite removed from Rustler Formation
and upper Salado Formation by dissolution causing surficial rocks to dip

outward.
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dissolution of anhydrite and possible minor amounts of halite from the RSt
— facies of the Bundsandstein (possibly as much as 100 m or 328 ft of evaporite
rocks). Bernard be11eves that the Zechstein at the 10cat10ns of these pipes
contains Httle halite; the edge of the Zechsteintsinthisarea, and
therefore could not be the root zone for the pipes. He does acknowledge the
existence of Zechstein rooted sinks 25 km (16 mi) to the north of Kassel in
the "Cloudburst"”

the pipes near Kasse1 as late Tertiary to early Quaternary on the basis of the
sink-fi11 material containing Keuper rocks (Upper Triassic).

CONCLUSIONS

. Known Pipes in Basin Near the NET e

The understanding of the method(s) of formation of breccia pipes in the
Delaware Basin is critical to the placement of a repository for radicactive
waste at the WIPP site. The principal question is: Can a pipe develop under
the repository and cause a breach in the system that will allow access of
fluids to the waste canisters? A secondary question is: Could a nearby

pipe adversely affect the repository? Investigations at and near
the HIPP site have helped to define what a breccia pipe 1s and how a pipe

iS' Can dissqution of beds affect the 1ntegr1ty of the repositony?

Examples of pipes in Michigan 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
ft) below their normal stratigraphic horizon (Landes and others, 1945, p.

s 129). Limestone beds above the cavities where halite had been dissolved could
cavities
caused failure of the beams, at which time the materia1 above the existing

co]lapse chimney.

Rock in core from WIPP 16 and WIPP 31, drilled into known or expected
breccia pipes north of the WIPP site in southeastern New Mexico, also shows a
great deal of intermingling of various strata. Dolomfte fragments have been

oun m elow their normal stratigraphic position in
Siltstone fragments in WIPP 16 are found 183 m (600 ft) below their expected

1 oavel
eVets

Depending upon the type of rock above the solution cavities, the downward
movement of the overlying rocks can be catastrophic as in the above cases, or |
slowly as in many salt mines (actually as salt f1owage) If the movement is
slow or in the catastrophic cases if the drop is not far, the falling rocks
will fracture but not be mixed and jumbled with surrounding 1ithologies.

————————44;44¥he40n1y‘known4breccfa‘ptpeSAtn‘the‘BeTawarEABasfn‘tn‘the‘vfcfntty‘ﬁf‘thé““““‘*
———WIPP-site-are located 19-32 km {12-20 mi) northwest of the center of the —

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

[=3])
Py




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

to be seen. A1l of these locales are over the buried Capitan reef.

Numerous other small hills and sinks in the Delaware Basin have been
investigated to see if they are surface expressions of breccia pipes.
Geophysical work, electrical resistivity and gravity surveys, as well as
surface geologic mapping, suggest that all but the above four mentioned
locations are caused by other types of solution of evaporites. Bachman (1980)
— describes the features as karst domes (Malaga Bend area, southeast of
Carlsbad), karst mounds (WIPP 29, WIPP 32 drill-hole areas) and solution and

. fia

dissolution of evaporites and do not have a deep-rooted base below the upper
part of the Salado Formatjon.

The method of formation of the breccia pipe at Hill A can be partially
reconstructed from the core of drill hole WIPP 31 and the cross sections

constructed through the pipe using subsurface data from oil and gas
“““““expTOYat0ry‘h0TES‘fffgT‘1ﬂgT"Tn*tfaTTy7‘3‘CEVETﬁ‘WU§t‘b§‘f6?ﬁ§d in some unit
—————at-depth.—The only rock still below the bottom of WIPP 31 {604 m or 1,981 ft)

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

form. Bretz (1949) attributes the formation of Carlsbad Caverns and numerous
nearby caves to phreatic conditions. Jagnow (1979) believes that the caves
were formed under vadose conditions and only exfoliation and speleothem
development modified them to their present shapes. Both authors agree that
the major portions.of the caves formed during and after uplift and

—northeastward tilting of the Delaware Basin during Tate Piiocene time.
-«

Th

the area of Hills A and C, ground water must have moved through the fractured
Capitan, dissolvin i i

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 quitan Limestone at Hi1l A are the Yates and Tansill

The so1ub1é carbonates in these formations are nét thick enoagh to account for

them. Core from the bottom part of WIPP 31 consisted of anhydrite, broken and

rehealed, not jumbled, and dipping about 50°. This rock is tentatively

assigned to the Fletcher Anhydrite. It is the only known anhydrite bed thick

enough to account for the approximately 15 m (50 ft) (true thickness) of

anhydrite in the drill hole. Using the projected depth at which the Fletcher
. , a drop of abou m

occurred. During the early formation of the Hil1l1 A pipe, the collapse may

forming j N € ar an pet e unt Fhe thic heam 0 ha - he
reached. This unit could act as a support beam holding up the overlying rocks
until the cavity below reached sufficient horizontal spread that the beam -
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

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

Rocks of the

also droppéd;‘

The cavity would be filled with unsaturated water and as the mass of rock
dropped nearly fnstantaneously into the cavity, the water would be forced
out. The easiest path would be upward into the void and fractured rocks
 created by the collapse. Much of the halite would be dissolved by this water
and eventually the now saturated water would move downward and out through the

£
———ex{sting paths in the reef.

mixture of r n f
be mixed with rocks from a lesser vertical drop, implies that there were
several stages of collapse as the pipe stopped its way to the surface.

Boulders of Dockum Group conglomerate now present on the surface
ved to come from a higher stratigraphic position
The presence of these younger rocks implies that the

(Bachman, 1980, p. 67).
Dockum-—Group wa i -

After the collapse to the surface, the resulting depression served as a
catchment basin, and as the collecting water percolated downward, it also
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 .
additional collapse in the pipe. This process also transported clay, silt,
and sand downward and these particles became the matrix of the brecciated rock
in the pipe.

. Complete removal of soluble rocks has not occurred in the pipe filling at
Hi11 A. Evid nd
beds sti1l 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
incomplete 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 bé1ow éré slbwiy beiﬁév&isso1§éd.' fhié process is occurring or has
occurred in much of the Dewey Lake Red Beds on the western half of the WIPP
site (Jones, 1978) to the south of Hill A.

Over some period of time, surface erosion removed the Dockum Group rocks
ver the sink was filled in by debris-carrying surface
water. About 600,000 years ago the Gatuna Formation was deposited across a

the Mescalero caliche was deposited on a nearly flat sur%ace (410,000-510,060

A. The presént dip of the caliche beds éway from the center of HI11 A |

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
removed. This removal is referred to as the dissolution front (see p. 138), a
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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 Dril1-Stem Tests, WIPP 31, this report)
show that the pipe material is not capable of transmitting ground water. The
clay matrix surrounding the rock fragments acts as an impermeable barrier, and

n vaporitic rocks in the
pipe; at least in the upper 549 m (1800 ft) above the massfve anhydrite found

I1IPP 21
IFTr—J1s

The breccia pipe at Hi1l C exhibits much the same history of formation as
the one at H111 A. 1In addition to a drill hole into the pipe from the
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
drifts 15-L and 16-L and a drift that bypasses the pipe on the northeast
side). Both of these areas underground show that the strata of the

The reversal of d

ip 1s attributed to the following: during initial

outward.
coll
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 dip away
from the pipe.

- To a depth of about 350 m (1148

ft) in drill hole WIPP 16 at Hill C,
Drée - agment 0 tnhe Dewe a Hed Bed and he Yo HM—GLrodp make up e
materfal in the pipe. The first anhydrite of the Rustler was cored at 350 m
(1148 ft), and from this depth to total depth (396 m, 1300 ft) a nearly normal
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 1ithologically like the overlying Dewey Lake Red
— Beds and Dockum Group rocks. Both marker dolomite beds are present in the
core. Below the Tower dolomite (Culebra), the drill hole penetrated halite

DU U < S 2 Ded ) W U1 U t d 4

above the.upPer.one (Magenta) are missiqg and only an insoluble residue is

S

below the Culebra at the time of the collapse at Hill C. This differs from'
Hi1l A where no halites were found that could be identified as Rustler.

The total depth of WIPP 16 (396 m, 1300 ft) is about 24 m (80 ft) below
the drift in the mine. Rockg of.Rustler.were cored in the bottom part of WIPP

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
Fletcher Anhydrite is 223 m (700 ft) at Hi11 C. The presence of a moderately
disturbed upper Rustler Formation in WIPP 16 seems to imply that there may not

(2]
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have been the rapid downward movement in this pipe, but more than 183 m (600

ai 1fs fiﬁa1 resiinévdeptﬁ. ﬁéré thé two piﬁes dikfer’iﬁ the condiéion of th
rock, Hi11 A containing brecciated and jumbled rock down to the Fletcher =
Anhydrite Member, Hi11 C containing these only to the top of the Rustler

Formation. ) '

The dissolution front, moving from west to east, had penetrated into the
Salado Formation at Hi1l A, but only into the Rustler Formation at Hill C at

nearly the same time.

The caliche overlying Hi1l C
the pipe in several places indicating that minor collapse occurred after the
main collapse. This minor collapse can be dated as 1ess than 410,000 years
ago.

Minor amounts of oit=stained core from both WIPP 16 and WIPP 31, as well
as oil seeps in the MCC drifts near Hi11 C, were analyzed to see if an answer

ofls are related to the oil from wells to the north of the pipes taken from
the Yates Formation. The Yates overlies the Capitan reef on the backside of
the reef. It is possible that oil1 from this formation migrated toward the
area of the breccia pipes and either entered the rocks before collapse
occurred or it was forcefully emplaced during collapse, being pushed
stratigraphically upward by hydrostatic pressure as the water in the
underlying void was forced upward by the infalling rocks. 1In WIPP 31, the ofl

< consisting of siltstone, anhydrite, and do16m1te 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 seeping into
the MCC mine appears to be coming from a nearly vertical fault about 43 m (140
ft) 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 cavity formation in the
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 mi) to the WIPP site. The four known

I occurrences are Hills A, B, C, and the Wills-Weaver site.

’ ’ <

before 400,000-500,000 years ago.

Locales on and around the WIPP site that were investigated for evidence
of pipe formation, with none being found, include the sites of drill holes
WIPP 13, WIPP 32, WIPP 33, and WIPP 34. Numerous surface features were mapped
and found to be near-surface erosion and dissolution features.
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No examp]es of breccia pipes that cou1d Iead to breaching of a repository

CapitanALimestone is not present beneath the site.
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DRILL-STEM TESTS, WIPP 31

By J. W. Mercer

INTRODUCTION

During drilling and coring of WIPP 31 reentry, formation tests were
conducted over selected intervals of the borehole to determine the possible
presence of fluids (1iquids or gases) and, if present, to obtain estimates of
quantity, quality, and source. The formation tests were conducted using
standard drill-stem test procedures as described in Dolan and others (1957),

1a

. ‘Weart. SNL, to D. Schueler, DOE, dated July 25, 1980. T

The drill-stem test is a temporary well completion whereby the zone of
fnterest in the borehole s isolated by the expansion of a rubber packing
element or packer attached to the drill string. These packers isolate the
test interval, relfeving the mud column pressure and allowing the zone to
— produce formation fluid (if present) to the dril1 pipe. In addition to these

- i =recorders,
ormal

and related equipment. During each individual dri]]-stém test, n
. | inag F 1 N na h

1 ) = 41a¥214

tester valve with subsequent recording of the pressure changes. As discussed
in Bredehoeft (1965), interpretation and analyses of drill-stem tests can .
yleld information about the undisturbed formation pressure, a coefficient of
permeability for the stratigraphic interval tested, and in some cases a sample
of formation fluid.

- : ANALYSIS

During coring of WIPP 31, seven individual formation tests were attempted
only five were successfully completed, the first two failing because of
mal function of the testing tool. The procedure prior to each drill-stem test
included running geophysical 1ogs (gamma, density, and neutron) for 1ithologic
control as well as a caliper to select packer seats. As drilling proceeded,
the core was monitored for any fracturing or 1ithologic changes that might
indicate a zone of fluid entry.

Fi 4dat.d Q!_,l'! all ata 2 30 d < H 4l H i) 2 diid o iv
packer configurations for the tests are shown on figure 33. These tests (DST-
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, DST-4) contained some fluid, however,
production rates were so low that the only fluid recovered was diluted
drilling mud. Calculated permeabilities were 0.57 and 0.90 millidarcies (mD),

- m 0 m (1, ol, ndicated very Tow
ulated value of 0.11 mD. The tests for DST-6 (456-514

permeability with a calc

o
<




Table 6.--Summary of drill-stem test resylts WIPP-31, Eddy County, N. Mex.

1
-

[To convert|feet to meters, multiply by 0.3048. PSIG, pounds per square inch gagE; BPD, barrels per| day; mD, mitlidarcies; DS
dr{ll-stem test; leaders|{---), not calculated]

89
24

D Date |Interval Total Type of Test Hydrostatic Flow Bottom hole Shut-in Shut-in Calculated Calculated Horner| Calculated
N tested | tested | - thick- pressure (PSIG) period ﬂ%uin? period pressure, flow rate stat{c calcu- potentio-
ness (minutes) |pressure (PSIG)| (minutes) (PSIG) (BPD) bottom hole lated metric
(ftY) | | | eeeeecmfessme== | |eeecsmceccecemeal | | eeee _— pressure permear surface
Ini- Final Ini- Final Final (PSIG) bility] (feet above
tfal tial (mD) MsL)
Packer s1ipped 1n hole, cound not actuate DST tool.
Hydrauli¢c tool malfunctioned, could not set packers.
8/13/80 808-1064 256 Bottom hole 391 391 15 94 117 30 157 3.3 229 0.57 3173.8
60 136 140 240 198
Conventional 480 142 155 495 198
(Remarks pened with weak blow, increased to|strong blow after 1 min., second flow with a strong blow, third flow with a| strong blow decreased |to weak blow
after|4-9 min and remained through flow period.)}
8/20/80 808-1235 427 Battom hple 418 2 L. 30 111 142 30 187 6.6 263 0.90 | - 3247.7
60 155 175 120 222
Canventional 240 185 191 495 234
(Remarks pened with strong blow, decreased and died after 20 min, second flow with a fair blow that remained throughout flow,| third flow opened with strong
blow decreased and died after 200 min.)
8/28/80 16-1396 180 Bottom h[ﬂe 676 669 45 56 57 90 110 .9 113 0.11 2441.7
110 57 59 220 83
Conventipnal 330 58 65 660 63
{Remarks: Opened with weak blow, |increased then decreased and died after 12 min, second f]ow opened with p weak blow, died in 5 min, thind flow opened with a
weak blow died (in 4 min.)
9/10/80 95-1687 192 Bottom hole 846 832 45 68 76 102 100 - 125 ——- 2170.2
1101 80 84 220 92
Conventional 330 70 74 660 102
(Remarks: Opened tool with weak blow dijed in 17 min, second flow with no blow, and third flow with no blow.)
9/25/80 | 1480-1981 501 Single 836 2 . 43 77 75 9 171 ——- 253 ———- 2490.0
: inflatable 110 81 81 220 151
330 81 75 1320 204
(Remarks: Opened tool with weak blow remained| through flow period, second fiow with a weak blow for 15 s then died, third flow with no blow.)
lpacker was|set at 750 ft but hole was cased to 808 ft. ¢
2No data available.
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DST~-3 DST-4 DST-5
; \ -
_Ff ?
E; Z 750 (Casing)
3 (Casing) 8ps8 ®
. 8os' .
X 2 750 H / < 5y 1216
(Casing) J Interva
808 Int I Tested interval
nterva s akr!
Tes,fed , (80g-1233) Tested
(808'-1064') (1216%1396')
TD= )
1064 ) L 1 J /235" 1396'
DST-6 DST-7
- N ]
Note: To [convert
feet to meters
muitiply| by
0.3048
{Casing) ( Casiqg)
808" { ) 808 U\ ) |
3 1480
Z&Z 1495 X 2
\J Interval
Interval ested
Tested . (1480'-1981")
(1495'-1687')
J 1687' 1981
Figure 33.--Packer configuration for drill-stem tests of WIPP 31 test hole.
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