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RESULTS OF GEOLOGICAL MAPPING/FRACTURE STUDIES: TA-SS AREA

ABSTRACT

A geological map of 5.60 square miles (scale = 1:6,000) around the TA-5S arca has been
compicied. This map (Piste | in this report) shows thas the Rendija Canyon and Guaje Mountain
fault zones can be located by geological field obeervations and fracturs studies. The faulis lie within
s roughly N-S tread about S00 & west and 1500 £ east, sespectively. of TA-3S. Within this 2one. the
Bandslier Tufl is tectonically deformed. Important structural features include rock fractures,
micrograbens csused by downdrop of tuff Blocks up o scveral foot. and “zipper joines™ where sets of
joints have boen incised and slong which tufl surfaces have botn down droppod scveral oF more foet.

Along with the geological mapping stody, detailed structural mapping and measurement of
1,623 fraczures song Pajerieo mnd East Jemez roads (Pistes 2 end 3) demonsteate notable increascs in
the abundance of and opening on fractures over aress of the fault projoctions. The measurcments
show that fractuse lincar density increases from background icvels averaging 20 fracturew/ 100 h o
sbout S0 fractures/100 R over the fault zones. Average fracture openings are about 1.0 cm, and
obscrved vertical displacements slong these fractures is 2 similar amount, making these fraciures
cvidence of faali movement. Cumulative surface deformation calculsed over the Rendija Canyon
Fault xonc sloag Pajarito Road is about 6.2 fi horizomal ang 8.6 1 venuical, dispersed over X}
horizonst feot. Surface deformation on the Guajc Mountain Faull zone along East Jemex Road 1
calculmod to be 5.8 £t horizontal end 6.1 ft vertical, spread out over 1,600 hovizontal fit.

We conciuds that vertical movement of at icast 10 Rt has likely occurred in bedrock below the
Bandelicr Tulf along doth of thess faults, but that this displacemen is accommodated by fractures
disporsed over 1,000 horizontal foet across the faults in the wit,

We rocommend that additional fraciure mezsurements be made along dblade cuts into the 1ull

over the fawkt sones near TA-33. Also our mapping shows 3 considerablc hazard of clifY faiture and
mass wasting sbove TA-2. which should be studicd funher.
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sascr REVISIONS TO REPORT EESI-SH-17

Recent work by Sieven Reneay 0n comparisons between various arstigraphies used for the upper Bandel.cr
Tuff recuires a revision 10 Tabie 1, on p. 3 of repont EES1-SHS0-17. The direct correlations between units
1.2, and 3 for all workers ase not valid, because the noaweldod imervals between zoncs of welding are
inconsigtently assigned 10 cither the overtying welded 2onae (most oactier workers) or the underlying welded
rone (Crowe ot al., 1978). The inconsissncy in assigrament of anorwelded inservals is in pan a difference in
flow-unit versus cooling-wnit trestment of strmigraphic subdivisions. 1n order 0 allow for either assignment
or lor further subdivision within the nonweided inervals, the saatigraphy used for this repon is herewith
modified 10 lsave ths suspect nonweided wnits wnassigned. The nocessary revisions to Table 1, text, and

figures/plases ase Mssed Delow.
Tabls 1. Approximats Compurison of Stratigraphic Unis within the Tibirege Momber.
Baltz ot al. (1963) Cowe & al. (1976) Our units
it 4
nonwelded
............ cooting wnit 3 cersmsssovra
unit 3
WS eeitseessssse smeesesenses
noawelded
------------ mmz msewsewessers
wit 2 wnit 2
wlt 28 M
XXX I Y EEX NS RN mw‘ . smesescccecne
unlt 10 wlv(vwmac)'
unit la unit 1g (glassy)
*Nots: sll numbered units and noawelded intervals above Iv also contain abundant vapor-phase
crysallizagion.
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of resisiang cliffy vis underdying weak tuffs, k.acingu;mwnnng of chiff edges. The instability of chif(
marging. with massive failures that occur cither in the course of progressive erosion or tnggered by seismic
events, appears (0 be a major gealogic hazard in the ares shown in Plate 1. Areas most at risk are those
closest 10 mesa marging (pasticularly st southem mesa odpes in unit 3, the yellow map unit in Plate 1), and
those at the bottoms of canyons within or beneath unit 2 (the blue map unit in Plme 1).

The physical stratigraphy used in this study is generally similar to other stratigraphies of (he
Bandelier Tuflf that are besed on cooling units (see. ¢.g., Crowe et al., 1978, and Baltz ¢t al.. 1963). The
three units described by Crowe et al. and by Baltz et al. are generally correlative in numbering (0 units !
theough 3 as used in this report; we have a unit 4 ar the top (the sections messured dy these two other
reports did not include unit 4, which is outside of their map areas). The previous map units and our map
units are compared in Table 1.

Table 1. Comperison of Stratigraphic Units within the Tekirege Member .

Baitz ot al. (1963) Crowe &1 al. (1979) Our units
unit 4
unit 4b

unit 3 unit 3 unit 3
unit 3d

unit 20 uwnit 2 unit 2

it 22 unit 2b

it 1d uodt © unit |
unit ls unit 1b
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wesem part of the map area. A significant feature of the unit is a continuous, mappable surge interval that
occurs neas its base. This particular surge interval is typically 1-2 fi thick and pumice-poor; (s most
WMthhmwym&umhmdeﬂymmmme
amtmauw) Other surge intervals can de found within unit 4 and &b, but they are not as
continuous.

Unit 4b: wesk (map color = orange; see Fig. 1)
. Noawsidod white tuff with relatively uniform grain-size, thicknoss 0-20 R in the map arca. This unit
-t shilar 1o 4, but is Jess indurased and may have larger pumices. In the northem pert of the map arca, 40 is
sbecat and the continucus surge inscrval at the base of unis 4 rests directly on unit 3.
ms@mﬁuumm-m-uu )

_ MM»W wfY, thickness 50-100 K ia the map arcs. Welding is most
maumdrmaummnmmummuumworw
"mm.nmummmuumw«mmmmmm
_ sl clift-Sorming. Purnices ars as hard as the groundemmns in weided imervals, and only slighuly softor than
Unit 3b: weak (map color = gwen: see Fig. 1)

White noswelded af?, thickness 15-30 Rt in the sap ares. Vapor-phase aleration is loss intense than

h-p&ummmmuymwmmunwcmy >2 lnches) and
sbundent (~20%).

Unit 2; rasistant {map color = blus: ss Fig. 1)
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the pumices and the groundmass are glassy and sof, this unit is generally resistant 1o crosion and i docs
form cliffs (probably due 1o the lack of differenual hardaess between groundmass and pumices. as well as
the susceptibility of the glassy wfY to surface reactions and “case-hardening™).

Undertying units (ileft uncolored in Plate 1 and Fig. 1)

The underlying units include & complex series reworked tuffs, Cerro Tolcdo fall out. and Otowy
Member wiff exposed in Los Alamos Canyon. Excelient exposures of Cerro Toledo fall out occur within
TA-4] and clsewhere slong the walls of Los Alamos Canyon, but exposures of the other units beneath the
Tehircge Member are generally poor.

3. Manned Pesturss

The discress feukt scarps that characaerise the Rendija Canyon and Guaje Mountain faults north of Los
Alamos sre oot cbesrved in the map area around TA-SS. There is abundant evidence, however, that
broadly-dispersed fisxure and some displacoment of the Tebirege Member has occurred in the TA-SS arca,
The evidencs lsading to this conclusion is besed in part on fracture analysis (see section 5.), but is also
bascd on the following features shown in the godlogic map (Plae 1):

Micrograbens. Those feawres (see Fig. | for map explanation) ars most prominent and concenratod
in the northwest part of the Plats | map arca. They are small graben-like structures, with down-dropped
ceotral blocks, that mostly occur along mess marging in unit 3. The largest micrograbens are concentraed
along the southern insrgin of South Mesa, botween the Los Alamos County Iandfill (near TA-61) and the
trafier park, Hore the micrograbens may be over 20 & across and 78 fi long. Actual displacements of the
central blocks are difficult 0 measure because they have commonty been croded by watee flow from it
mess t0ps, but the relief between micrograten walls and central biocks is as much as 10 ft or more,
perticulsrty along the southern margin of South Mesa.

TA 8K
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4, FauRt Projections

The Rendija Canyon Fault (RCF) and the Guaje Mountain Fault (GMF) project across the Los
Alxnos wownsite toward te map arca of Plae 1. Bascd on the mapping and fracture studics compicicd for
this project, the traces of these faaits can be extended south through TA-48 (RCF) and TA-UTA-1S/TA-1S
(GMF). Thess projsctions are not of discrese surface raprares, buit rather represent the likelicst axial trace of
broadly dispersed surface effiects above the extensions of these faults sowh of Los Alamos Canyon.

The Rendija Canyon Fault (RCF) sppeers to have a2 least two major splays south of the Los Alamos
soumsite. Ons of these spleys passes through 2 major atide block in the north wall of Los Alamos Canyon
and pasges 1 the west of TA-48. The odwr splay may pass much farther 10 the south, crossing Los Alsmos
Camyon alier pussing bencath Ashiey Fond, passing bansath TA-48, and extending south beneath & major

" dipper-jolet Grainage, & small micsograben, and an 30es where largs blocks of Wit have falleninto a

sributacy 30 Twomille Canyon. Whess these spiays cioas Pajariso Rosd near TA-48, they are defined by
sons of thundant end open Bucewres in yalis 4 and ) of O Trhings.

The Ounjs Moumaia Pavk (GMF) appears 90 project across Los Alamos Canyon Just 10 the west of
TA-L. Ths northem wall of Los Alanos Canyon ot this point has a larnge stide block that {s boginning 10
form nesr the feuit projoction. This slide block is still ~130 Rt above the canyon Noor, e has slipped ~13 1

along 43 bounding fractures. We catitaate thit the mtnlmum mam of material held in this block above ihe
wostem odgs of TA-2 is 30,000 wons. R is probebly ot fortuisous et the two massive stide blocks in Los
Alumos Caxxyon ooour siong the projoctions of the RCF and the GMP,

South of Los Alamos Canyon, the GMF appears 10 pass through a major zipper-joint drainage
oppasis the smoff 1 LAMPE from East Jemez Road. Fracture mapping indicates a zons of abundant and
opon fractures where this fault projection crosses the mesa. Purther south, the fault projection passes
through a major zipper-jolnt dreinage in Monandad Canyon, beneath TA-33, and into the bend in drainage
where Twomile Canyon intersects Pajarito Canyon. At this point the GMF projoction appears to disperse




circumvent the nead (0 distinguish cooling fracture joints from tectonic fractures in the field. leaving that
problem o statistical analysis of dweir measurements

Method. In order to make siatistical analysis of fracture characteristics, we make a linear analysis of
fracture abundance, strikes, dips, and widths along lines crossing the fault traces hypothesized dunng
goological mapping. Road cuts along Pajarito Road and Exst Jemez Road provided rock faces where these
fracture measurements could be repeated in a systematical fashion. Because of irregular exposure and
vegetation, these measurements were not asempied oo clifl exposures in the canyons.

The line along Pajarito Road beging about 215 & west of the blockade emplaced at the west end of the
old wmolf to TA-48 (see map for locations) and runs eastward acarly 2,800 & to a point along » line drawn
from the southeastern fence of TA-55. Prom the geological map (Plate 1), this ling crosses the southemn
extension of the Rondijs Canyon Fault (RCF). The line along East Semez Road begins about 200 1t east of
the tumnofY 0 the dist access road going down South Mess (where the 7,235 foot contour crosses the road),
and the line coninues nearly o mile down East Jemez Road past the LAMP tumofl to where the 7.000 it
contour crosses the 1oad.  The middle section of this line cuts across the southerly trace of the Guaje
Mountain Pault (GMF). 704 fractures are documented along the Pajariio Road line, and 921 frectures are
documentod along the East Jemez Road line.

Fractures are documentod by (racture maps. constructed from polaroid photo- mossics (Plaes 3 and
4). Each photo covers abiout 15 f of rock cxposad slong measured lines, Gaps in road-cut exposurcs have
been messused such that the fracture data can be analysed as & continuum. The phowmosaics have atached
maps with traced fractures that have been numbered for specific documentation in field notes and & dats
base. Practurs strikes and dips were measured with a Bruntoa compass (accuracy of 2 degrees), and
fracture widths by ruler to within 2 mm accuracy. Because all varistions of fracture visibility were
encoumered, only fractures that these massurements could be made were included in the study. The
fracture dats were entered into an RS/ data base for analysis (ESSXRF VAX, RS/1 directory =
{WOHLETZ.RSUSERHOME @ken@tas$).
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case for ths data set gachered. Of the 704 fractures measured siong Pajarito Road, 460 belong to the NE set

and 244 o the NW set,

Table 2. Fracture Data”.

Numbes Strike Dip Width Cumulative Widih

Pajario Road

AR M4 NIGE (48) 16 (19) 1.81(4.592) 905.33

NB 460 NASE (29) 73 (20) 181 (3.16) 533.490

NW 244 N¥W QN 81 (14) 181 3.04) 320.43
East Jermez Rosd )

Al 921 N4EB (48) 75(18) 092 (1.78) 250.83

NB S0 NWE (26) e 1.01 (1.99) 524.85

NW 401 NQwW QN 5(18) 0.81 (1.53) 326.00

.
ek 7 L

s N LD

s

* Strikes snd Dips are in degrees with standard deviations shown in parentheses. Widths are in cm, and
cumuistive widihs for Pajerino Roed line exclude measurements on sections P1 and PS, which cover arca

For 2w 921 fractures messured along East Jomez Road, 520 are NE and 401 are NW. Over the RCF zone
NE fraciures outnumber NW fractures by abomt 2.16:1, and over the GMF zone, this ratio is 1.69.1. Over
areas not suspectod of being affectsd by fault zones, such as along section 4 on the East Jemez Road, the

. TA-S8
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cumulative fracture opening along this line is 9.06 m. 3.58 m accounted for across the RCF branch and
2.45 m across the RCF. Figurce 13 shows fracture opening per 100-foot interval along the Pajanto linc, and
noticesble peaks occur over projectad faull traces. Across the RCF opening of NW fractures is greater than
that of NE (cactures. The opposite relationship however is apparent across the fault branch, with NE
fractyres showing the greatest opening.

There are scveral zones along the Pajarito Road line of nowble fracture openings where fracturcs arc
filled with or adjacent to breccisted rock and possibly gouge. Figure 14 shows the locations and openings
of fractures that are filled with over 10 cm of breccia oc detritus for the Pajarito Road line. There are
nodoesbie ocourrences over the RCF and the RCF branch.  Specific examples over ihe RCF branch include
fraczure number 22 (Plate 2, section P2A), which consists of two fracturcs scparated by 1.26 m of detrital
fiil and breccia, fracture 43 (Piate 2, section P2ZA) with an opening of 1S om fitled with breccia, and fracture
4 (Piate 2, section P1), which is two fracturss scperated by 2 68 cn wide zone of rubble, and a zone of
complemily broken wff 2 m wide but with no measursbie fracsurs surfaces betweon fractures 6 and 7 (Plaie
2, secdon P3A). Possible fauit dreccia and gouge sones over RCP exist between fracture S and 6 (Plaic 2.
section P4A), between fractares 54 and 68 (Plats 2, section PAA), and between fractures 83 and 88 (Plate 2,
secdon P4B). Across Pejarito Road from sections PA and IMB, s brecciated zone 90 cm wide exists
between fractures S and 6 (Piate 2, soction PSA), another breccia zone over | m wide exists between
fractures 23 and 26 (Piate 2, section PSA), fracture 39 (Plaie 2, scction PSB) has 1S cm of breccia fill, and o
breccia zone between fractures 64 and 63 (Piate 2, section PSB) has $ peralie! fractures in a crumbled 7one
about | m wide. These zones on section PSA and PSB correlaie in relative location 10 2ones idemulficd in
soctions PAA and P4B.

Along the East Jemez Road line, average fracture opening widths (Figurs 1) are about 0.9 cm. There
is an apparent decrease in width to sbout 0.4 cm in crossing the GMF from west 10 cast . In general NW
fractures are opened slightly more than NE ones. although for the cumulative fracture opening along this
iine of 3.51 m, 5.25 m is accommodaied by the NE set while only 3.26 m is due to the NW set (Tabic ).
because there are fewer NW fractures than NE ones.  Figure 16 shows [racture opening per 100- ooy

TA.&5
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The increase in sbundance of fractures over the fault zones and the likelihood of average
displacement on the order of a cm on each of these fraciures are an indication that if the calcutated verugal
. movement of several m or more has occurred in bedrock below the tuff along the fault traces, its surface
manifestation has been spread out over zoaes of several hundred feet across the fault, 50 that suriace
ruptute is diffuse and difficslt 1o recognize.

6. Teoogranhic Gradients

Topographic gradients are commonly affected by fault movemenis. Along mesa tops where the
regional gradient siopes at a few degrees sasterly, there are 8 few very gentle inflection points of this
gradient. Along stream beds, topographic inflections cansed by fault movement are tenmed “nick points.”
Several such featares of up 10 10 & vestical relief wers noted in canyons. We plot mesa 10p gradients and
soeam gredicens % sos if inflection points correspond 1 foulk 20n¢ projections.

Masa Top Gradisnts. Even though swrface displacement of mesa tops by the RCF and GMF is
likoly ditiused over distances of ssveral hundred fest. there might be slight changes in topographic
geadient. Pigure 18 shows mess iop elevations from west 10 east on Los Alamos Mcesa (Trinity Dave - DP
Road), South Mesa, Sigma Moss, and Mesiia Del Busy (Pajarieo Road). Topographic gradient inflections
are prominent st aress where the RCF and GMF are projected. The same is true for Twomile Mesa,
Twomils Mess (south), and Pajarieo Mesa (Figure 19). While the topographic effect of the RCF is greatest
1 the north it becomes less distingt 10 the south, while the opposiss is trus for the GMF, which is expressod
by captured drainages canyons that dovoiop on its trace,

Although It i3 gifficult 10 prove thet these topographic gradient inflections are an indication of ihe

presence of ihe faults. the gradient along Trinity Drive - DP Road is espocially incresting in the arca just
west of Ashiey Pond (Figure 20). -Gardner and House (1987) and Wachs et al. (1988) exsend the RCF

south 10 Ashiey Pond, and just west of the polnt the mesa top takes 8 very unusual dip towards the west. In
Figure 17 the averags topographic gradient west of Ashiey Pond is compared with that to the cast of the

TA-58
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washed clean by water hoses. This method could expose fractures in a regular fashion such that
measurements could be made similar 10 those on road cws.

Further work should be done in Los Alamos Canyon. In panticular, the large slide block forming
sbove TA-2 has been mapped only in reconnaissance scale. This block is the most prominem cxampie in
the map ares of porential mass-wasting hazards t0 established sites (in this case, the reactor at TA-2). Itis

likely that similar stide dlocks exist near other laboratory sechnical arcas, and these require hazard study as
well.

Related work that can further document the scismic hazard in the mapped area includes swdy of
goomorphic surfuces (¢.g., raised meadows and serraces in canyons) and detalled topographic surveys of
stratigraphic markesm over the fault zones. ‘This is work we also strongly recommend.

TA58
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on either side.of the RCF show that up 10 150 & of downdrop 1o te west
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