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FOREVORD

The predominant interest and enjoyment of the average visitor to many
southwestern National Monuments is centered in and stimulated by the visual
and mental impact of the remains of prehistoric architecture and workmanship:
In other words the ruinsa

Specialists in anthropology, archeology, ethno-botany, and associated
sciences also find varied specific perconel interests here, but in the surmea=
tion of all visitors they constitute but a small minority. As the monuments
have been set aside for the use and enjoyment of the public it would appear
logical that the great preponderence of attention to presentation should be
focused on the average visitor made up of workmen, and business and profess—
ional men and their families, whose major interest in general lies in the
beauty, age, and story of the ruins,

Custodians residences, administration and service buildings are being
built; landscaping, road building, and various improvements for public use and
convenience are being carried out; archeological data is becing collected and
rccorded for interpretation of the ruins, To my mind none of the above is
open to direct criticism, but I submit that the probable absence of public
interest or enjoyment in formless mounds of debris does open the question of
logical seauence of activity until such timec as the ruins are protectcd against
further disintegration, or adecquatc preservation work is carricd on concurrently
with the above,

It may be suggested that since these prehistoric structures have in some
measurc survibed for six or scven ccnturics, the rate of depreciation must be
low and that there is little causc for immediate concerne A carcful study and
analysis shows that disintogration is going on at a rapidly progressive and
alarming tate duc to time, and clements, irrcsponsible archeological cxcavators,
vandalism, and other causcs antcdating present day protectione Certainly any
furthetr controllable depreciation is indefensible when the cenjoyment of the
public, now and in years to come, is considcrcd, I am awarc that therg is a
growing intcerest in ruin stabilization on tho part of the Park Service, but
the extent and rate of destruction make the precsent activity inadequate to.
ncet the situation.

A decp interest in the preservation of prehistoric Southwestern ruins
"og 18" for thoe appreciation and énjoyment of the present generation and those
to follow, and the rcalization of the neced for immediete action in effcetive
stabilization work to attain this end are the motivating reasons for the
versonal rescarch and investigations outlined in the prelimirary report which
follows,
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REPORT

In the geaceral discussion below scveral basic principles as below are
assumed :

lste That a prehistoric structure shall when possible be prescrved
"cg is", and that no changes in original structural dctails shall be made
uless they are without question of doubt absolutcly nccessary for the
precervation of what remains, Stabilization measurcs shall in every case
irwodve only the minimum in changes or replacement of prehistoric matcrial
or workmanship as dictated by necessary structural requircmentse

2nd. Vhcre for unquestionzble rcasons of stability or prescrvation
any changes are made in or of ancicnt materials or workmanship, they shall
bo casily be reccognized as modern, but shall not clash in color, texture or
contour with the original, TWhere this is not possible nccessary structural
supports shall be frankly end obviously modern.

3rde No reconstruction work shall be done except under conditions of
absolute neccessity to meet structuracl requirements assuring stability or
prescrvation of ancient workmanship,

4the All work must be of such a naturc as to allow futurc stabilization
measurcs to become an cxtension of same, In other words it must be of a per-
moenent nature with the exception of temporary cmergency cxpcdicntse

Prehistoric ruins of the Southwest may be roughly classificed on a basis
of orchitcetural dctails and stebilization nceds as follows:

1ste Structurcs orizinally laid up of loosec boulders or rock slabs
without mortar or other form of reinforcing or support cxcept "chinking®.
Steobilizetion "as is" must nccessarily be limited to conccaled concrete or
ccment bascs or cores, or the usc of structural steel members such as stay
rods, bcams, or channcls,

2td. Solid rud ond ealiche structures present rcal problems in prescr-—
vation, and it would now appecar that the solution will bé some form of impreg—
nation as protéction aghinst the inroads of the elements, without matorially
changing eolor, contour, or texturce

drd. Structurcs cmbodying a caombination of loosc rock, rmud mortar or
plaster, and original wood recinforeancnt prescnt specific individual problems,
some of which have as yect not been worked oute

4the Rock structures laid up in mud mortar offcr a comparatively simple
stabilization problem. Mecchanical supports such as reinforecd concrctc, stay
rods, or other structural steel members arc sonctines indicatcds However in
goneral the stebilization problen resolves into the replacenent of the ancient
mud nortar which has disintegrated or washed awaye.
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As the predonincting types of prchistoric structurcs at Wupatki National
Monunont are of stone laid in rorc or less reguler courscs in rmd nortar, it
was decried advisable to concentratc attention for the prescnt to stebilization
probléas of this locality. Mechanical necsurces such as Arainage, stay rods,
bears, struts, and cores are occasionally dictated by well understood cngincer-
ing principlcse But unfortunctecly the najor requirercnts call for the replace-
nent of ancient rmud rortar with a naterial vhose specifications are in goneral
¢s fellows:

1ste A long tiric resistornce to serious disintegration by the elcientse

2nd, Satisfectory mecharical streagth and stability under pressure
strcsscse

3rde Closc metehing in color with the original rmd nortar,

4th, Closc matching in texture with the original rmd rortar,

5the Iow cost of naterials and transportation.

6the Application techniquce allowving the use of unskilled labor uunder
corppetent supervision,

Since the natural forces of rain, frost, wind, and variation of terpcraturc
arc tho najor itams now controlling deterioration, it was considered good pro-—
ceedure to subjcet all contamplated natcrials and tcchniques to the conditions
which wuld obtain if thoy were actually used in ruin stabilization. It was
thiecrcforc decided to set up an "outdoor laboratory" ard rccord the cffcet of
the elerments on both naterials and tochnique, Accurate and detailed datn is
to be accwrmlcoted for a sufficicnt length of tine to afford conclusive corpar-
ative resultses The linited rainfall in this locality has nwede the use of
"accelleration tests™ by necns of carefully controlled water sprays advantageous
to rcduce the time required for definate corparative deternination.

Standard sarples, 6% x 10" x 3/4", have beon proparcd fron various local
soils and corbirnztions of samé, from plain soils nixed with wator, through
verious percentages of cenent, raw linsced oil, anti-hydro, bitummls, ard
other adnixturcese Thesc saples have been exposed to the weather on a flat
benchy onc half of cach dprotecteld by a eover to afford a corparative indication
of possible changes inside walls away fror the weathere The following
tebulation up to date was made using loss of weight b erosion fron woter
spray and light rairs, undcr thc save test conditions, as a dcterminant of
stability.
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TABULATION OF TEST DATA

Joil | Sample Exposed Color |Tecxture|Creling |Erosion
# # Date
9 15 10-26-41 | Water only Natural | O.K. None 36%
9 16 n o on 1|9 gater, 1 AH » n Slight| 45%
9 17 10~-22-41 | 19 soil, 1 ETC OeKe L None None
9 18 . n w9 s0il, 1 ETC, 1 AH " L Slight b
9 20 10-26-41 | 1 R1LO, 1 water Dark " " "
9 26 3-~13-41 | 3 BIT, 1 water OeKe L None "
10 21 10-26-41 | Water only Natural " n 38%
10 22 "om w9 water, 1 AH " " B8light| 19%
10 B "on "19 s0il, 1 ETC O0eXe " " None
2 % 10-14-41 | Water only Natural " Bad 549%
18 3 wowm 9 s50il, 1 MC Light L None None
- 12 6 10-31-41 | 19 soil, 1 MC " " Slight "
P12 8 10-21-41 | 8 soil, 2 RIO Dark " None "
T2 12 10~-22-41 | 9 water, 1 AH Natural " Slight| 33%
12 13 10-23-41 | 19 soil, 1 ETC Light " None None
12 14 10-22-41 | 19 soil, 1 ETC, 1 AH " " " "
12 19 10-26-41 | 1 water, 1 RIO Dark L Slight "
12 24 10-28~41 | 7 soil, 3 BIT Black Bad None "
12 25 10-23-41 | 3 eater, L BIT 0.Xe OeKe " "
i3 2 10-21~41 | Water only MNatural " Badly 60%
13 4 wow "9 s0ily 1 XC Light " None None
13 7 mon nm119 soil, 1 MC H " " "
13 9 n n wn |8 s0il, 2 BLO Dark " Slight "
;14 o non n |l Uater only Natural " None 37%
s [ 27 10-29-41 | water only " " Bad 56%
118 41 11-3-41 |4 soil, 1 ETC TLight " None None
. 18 42 "N on 9 soil, 1 ETC " " " "
18 45 o on |3 gasoline, 1 RIO Dark " " "
i 18 43 ww w119 soil, 1 EIC Light " n "
18 46 " w13 BIT, 1 water Dark " Slight "
21 29 10-29~41 | 2 water, 1 RLD OeXe # L "
21 28 n n " | Tater only Natural " Bad 30%
3 30 won %13 BI7T, 1 water OeKe " Siight | None
22 31 10-31=41 |Yiater only Natural L Bad 45%
22 32 w on wil BIT, 1 water Dark t None None
B 33 "o n 1 RO, 1 water " " " "
{22 34 mom o m 119 s0il, 1 ETC Light 1 n "
22 35 "on " |g ygater, 1 AH Natural " " %
| 23 36 mon o " iWater only " " n 10%
| 23 37 "on v |1 water, 3 AH " " " 23%
24 38 11~ 3-41 [Water only n " Slight| 30%
24 39 "ono "2 ygater, 1 AH " u " 10%
1 20 40 won w13 woter, 1 water glass " " None 285

ST
vl hille

A1l mixturcs are by volume
Mixturcs of 0il and water arc in emulsion.

SEE KEY ON NEXT PAGE
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KEY T0 TABULATION

SOIL #9

Taken from partially disintcgrated shale beds in Dcadmans Wash, on

North side of the canyone.
SOIL #10

Taken from the East bank of Deadmans Vash,
SOIL #11

From same locality as soil #10, but about 50 fecot S.V.
SOIL #12

Taken from about 200 yards N, of Clydcs stone hogane.
SOIL #13

From a location about % milcs S.%We of Tukoki.
SOIL #14

Prchistoric mortar taken from Wupatki ruin.
SOIL #15

Prehistoric mortar taken from Wukoki ruin,
SOIL #16

Taken from pit adjacent to Clydes stone hogan,
SOIL #17

From wash on lower slopc of east sidc of Tukoki,
SOIL #18

Disiutegrated sazdstone from the foot of various ledgcese
SOIL #20

Screencd sand used in building operations at Wupatki during 1941.
SOIL el

A mixturc of 2 parts of soil #17 and 3 parts of soil #16.
SOIL #22

A mixture of 1 part of soil #16 and 1 part of soil #17.
SOIL ;23

A mixture of 5 parts of soil #16 and 1 part of soil #20.
SOIL #24

A mixturd of 5 parts of soil #16 and 2 parts of juniper ashes.
SOIL #25

4 mixturc of 5 parts of soil ;16 and 2 parts of soil #20.

AH is symbol for Anti - Hydroe

EIC " " Bl -~ Toro Cement,
Rig " n " Raw Linsced 0il.
BIT " " " Bitumls,

MC " " " Monolith Ccment

NOTE: Ls nearly as possible all mixturgs werce made to the consistancy of
stiff puttye.
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A rcplica of a ruin wall of the "core" type, 5' long, 22" wide, and 3!
high, was built for the investigation of technigue and matcricls in the
"capping" of walls. In accordance to a suggestion made by Mr. Ee Prcece
corc material and debris was romoved from the top of the wall to a depth
of approximately 12", and what rcemained of the original mortar raked out
from the insidc from between the top two or threce courses of stonee Coment

rtar was then forced between these courses from the inside by land and
trowels 7hat remtined of the cavity was filled with soil ccment madc from
9 parts of soil j#16 and 1 part Monolith ccment. The top stones were then
"bottom bedded® in the same material to duplicate the original position
and appearanccs

TEST ilOV

It was found that grouting in the ccment mortar from the inside, and
thern plastering was a somewhat difficult and slow job, end a sccond wall
as above was built to try out a variation in materials and techniquec.

The corc material and debris was rcemoved and the courscs raked from the
inside as gboves The cavity was then pourcd full of soil cement as above
but mixed to the consistency of thick molasscs, so that all interstoces
werc filled by the thin grout, and the surfacc of samec formed a watcrshed,
Tho top rocks wore then bedded os in test #106,

TEST £108

A third test wall was built in vhich the capping tecehnique wras the
samc as test 7107 oxcept that a soil rortar made up of soil #16 mixed with
an crmlsion of 3 parts of wator and 1 part of raw linsced oil wes uscde.

Various other researches and tests arec being conducted and will be
covercd by full rcports as conclusive data becorics availeble,

It is my conviction, based on tosts being mede, that soil mortars
with the proper sclection of locel soils for color and texturc, arnd with
approximatcly a 10% addition of comont, will moet ever structural,
archecological and asthetic rcquirerent until the possiblé future develop-
nent of & much superior material, The cost of materials, mndling,
transportation, and application is probably as low as can ever be rcached
with any substitute for the original rnortar,

I an offering the above as a contribution from a citizen decply
interested in ruin preservation, for the eorment, approvel, or dissaproval
through the rcgular channels of the National Park Service, and in hopes
that ny cfforts will in some measurc facilitate transition from "rcports"
to "repairs®,






