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FREFACE

This Historic Structure Report is the final completion report of a

praservation project that basically began when a group of architects,
histerians, archesiogists, and managers from the Mational Park Serwvice
gathered at Tumacacori National Wonumeni, Arizona, in January 1975,
The impetus for the meeting was the closing of the church te wisitors one
manth beforsa for fear that falling plaster would cause a serious njury.
Cecisions had W be made that would comprehensively address what
appeared to be critical preservation problems. How severe were the
problems and how should they be resolved? More importantly, what steps
would the Park Service take in determining the severity of the probiems
and in undertaking the necessary resciutions? The first step--actual
planning--was initiated at the January 1275 meeting.

It was & year before comprehensive omn-site analysis began, but the first
actual ressarch was undertaken by the Western Archeological Center in
the analysis of past archeclogical projects in order to synthesize the data
and analyze the potentiai for future archeotegy. An important result of
this report, in addition to fulfilling the goals of the research design, was
the information ralated to the archeciogical and architectura! preservation,
which was an aid in specific decisions for preservation treatments (NPS,
UsSDI 1975].

The other lwo principal disciplines that would be most directly inwvatved in
the project, architecture and history, would be represented by a
histarical architect and a historian from the Denwver Service Centar's
Division of Hisloric Praserwvation. | was the historical architect and Berle
Clemensen was the hislorian who would ook at the histary of Tumacacori
since it was abandoned in 1848, This part of the history was extremely
impertant since the project was intended and designed to be directed to
preservation prablems and not io a further understanding of the mission
community, including its architectura, which would certainly have been

valuable for interpretive purposes. This histary was meant to identify



what had been dome at Tumatzcorr since 1919 when Frank Pinkley first
assigned A.5. Moon to clean out the nave eof the church. In order to
design solutions to preservation problems, it was critical to know what
preservation and restoration work had been done in the past, which
methods had been successful, and which ones had not been successful.

This history research began in the fall of 1975,

| meved to Tucson in December 1975, and for the next 18 months worked
primarily on-site at Tumacacori, but was provided office space and a
great deal of assistance 3t the Western Archeclagical Center. During this
period most of the initial problems were identified. However, data were
continually gathered on structural conditions and the source of the
maisture and its extent which had led to most of those problems.

In addition, $%210,000 for basic material research was conlracted to the
Natiopal Bureauw of Standards. Much of this work has proved to be
exiremely waluable for all people working in the preservation of adobe.
Several other much smaller contracts were let, primarily tw Arizeona State
University, for additionai information on  alernative preservation

procedures.

The architectural investigation, in conjunction with associaled research,
indicated that the major problems thiat moisture was causing wers being
accelerated by hard cement stuccos, which had been applied on most all
of the exierior surfaces. These relatively impervious surfaces prevented
moisture in the masonty from evaporating naturally, often resutting in
moisture contents that approached the pilastic limit of the material. In
ether cases the moisture conlent surpassed the plastic limit and even

appreoached the liguid limit,

The resplution of the problems, the actual preservation procedures, were
undertaken afmost exclusively with day labor crews, working primarily
during the summers of 1378 and 1979 and part of the spring and summer
1980. The wast majority of this work was supervised by George
Chambers of the Western Archeglogical Center. By 1980 the preservation

Vi




work was essentially completed and only the conservation of the painted

plaster remained,

The entire presarvation project was oriented to doing the least amount of
work necessary o preserve the buildings and the site of Tumacacori.
Minimal intervention was the overriding philosophy. The goal was to
bring Tumacacori o a point so that it could be maintained. And,
maintenance of the structures at Tumacacori is now not only a way to
preserve them but is, in fact, the preferable method. Maintenance
preserves the character as well as the material itself. This actual
preservation procedure is best characterized by D.H. Lawrence in
Mornings in Mexicg: “That they don't crumble is the mystery. That
those little sguarish mud heaps endure for centuries after centuries while
Greak marble tumbles assunder and cathedrals totter is the wonder. But
a single human hand with a bit of new soft mud is quicker than time and
defies the centuries."

The Historic Structure Report is basically an edited version of iwo

previous architectural reports, which were the basis for the work at
Tumacacari. In additien, it summarizes the preservation project and
makes a few recommendations for the future, The actual detail and
extent of discussions wvary from subject to subject. For example, the
analysis and the resulting conservation of the painted plaster of the dome
i3 more technical in mature than much of the other preservation wark and
i5 therefore described in much more detail. This difference is generally
consistent throughout the decument.

wil
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ADMINISTRATIVE DATA

This Historic Structure Report is the last in a series of reports dealing

with the preservation of the buildings at Tumacacori National Monument
that was initiated in 1976. It is a compilation of information from those
previous reports pius new information not previously awvailable. This
document covers the fnwvestigation and actual preservation work on the

site up to the present time.

Tumacaceri Natioha!i Monument s I|isted on the National Register of
Historic Places. Therefore, all actions must be proposed and undertaken
in accordance with the procedures of the Advisary Council on Historic
Preservation. The historic mission period buildings are all recorded on
the Matipnal Park Service's List of Classified Structures as first order of

significance.

Close coordination with the Arizona State Historic Preservation Officer was
established at the outset of the project and continued throughout its
duraticn. This coordination was wvery beneficial to the entire preserwvation
project. Appendix H contains the documentation of @ no adverse effect
finding.



CHAPTER (: HISTORY OF TUMACACGRI

EARLY PERIOD, 16%1-1848

The history of the Jesuit and new Franciscan occupation at Tumacacor!
was fram 1697 to 184E8.

in the latier part of the 17th gentury Spanish influence began to have an
effect on the people of the Pimeriz Alta. This area included present-day
Arizona south of the Gila and west of the San Pedro rivers and extended
into the northern portion of the present state of Sonora Mexica to the Rio

Altan and Magoalena wvalleys.

Jesuit missionaries, particularly Padre Ensebico Francisce Kino, began
missionary activities in this area, and by 1691, Kino entered the Santa
Cruz Valley to wisit the Pima willage of Tumacacori. Many dedicated
Jesuits  were to  follow, and they subsequently were foflowed by
missioharies of the Franciscan order. For the next 150 years, the history
of the church, the people, and the land were woven inseparably into a
compiicated tapestry of human change and suffering and potential and
philesephical conflicts in an often harsh climate. After that first contact
in 16971, the church and King lacked the resources to administer the area,
and it was not wuntil 17071, 10 years later, that a Jesuit father was
assigned to Santa Cruz. But it was the village of Guevavi, located
approximately T4 miles south of Tumacacori, that was designated as the
cabacers, or central mission for the area. Twmacacori was a visitae, or 3
place of periodic wvisitalion by the padre at Guewvavi. The basic function
of these fronmtier ocutposts was structured by the church inte organized
cammunities. To this end an tindian mayor was eiected to assist the
padres with matters inwveolving the native population. The Indians were
required to attend a datly service in the mission church and to give some
of their time in the fields or in and around the mission buildings for
cultivating creops, raising livestock, and maintaining whatever buildings
there may have been. After ornly three years, again becsuse of the lack




of human and financial résources, Guevawl and Tumacacori were without a
church reprasentative. This lasted unhtil 1731, 27 years later. From 1731
to 1736 a priest was available, but then ancther five years passed {1741)
without 2 representative before Guevavi finally began receivimg constant
attention from the church. In 1751 a Pima uprising brought a military
post or presidio to Tubac, located near the site of Tumacacori. Beafore
1751 the village of Tumacacori was apparently located on the east side of
the Santa Cruz River, probably a httie to the north of the location
chosen for the presidio. However, it was at this time that the village
was moved Lo its present lacation on the west side of the river (the same
side as the presidio} and approximately 2 miles south. By 1727 a church
gxisted on this site, as the burial register for July 7, 1757, recorded the
burial of the Tumacacori Indian mayoer there. San Cayatano was the
patron saint of Tumacacori in its original location and may have remained
at the new site as well for a time.

I 1767 all Jesuits were expeiled from new Spain, and the Franciscan
order assumed the responsibilities of administering the mission established
by the Jesuits and aof christianizing the native population and turning
them into functioning Spanish citizens., The Franciscan missionaries were
supplied by the college of Queretaro, and the first arrived al Guevavi in
1768. In addition to Tumacacori, there were also visitas at Sonita and
Calabasas, which were attached to Guevawvi at that time, In 1770 or 1771,
Guewvavi was abandoned and Tumacacori effectively became the cabacera.
A wisita at Calabasas still existed, but it Logo was abandoned in the late
1780s.

The presidio at Tubac was moved lo Tucson in 1775, again leaving the
upper Santa Cruz with inadequate protection from Apaches whose raiding
activities increased during these years. |n December 1776 they attacked
Tumacacori and drove off some cattle, in June 1777 they burned the wisita
at Calabasas, and a few moenths later they stole the [ast livestock at
Tubac. Rather than continue a policy of pursuit and punishment, which
had obviously been ineffective, the Spanish turned instead to a policy of
pacification. This encouraged the indians to settle as farmers, and they



were supplied with food, drink, and irinkets at gowvernment expense.
This policy proved basically effective from 1790 to the T1830s.

In 17395 the church at Tumacacari was described as being cramped and
flimsy. The next year Padre Merianc Bordoy wrote, "As to the church
siructure, | say: that it is now split open into two parts and
conseqguently there 15 some need that a new one be buiit." Whether these
descriptions refer to what is identified at Tumacacori as the early Jesuit
church or to a part of the present church that was subsequently rebuilt
cannat be determined. The documentary evidence is wvery limited during
these years, but there (s no doubt that a major building or rebuilding
began between 17898 and 1802 under the direction of Padre NNarciso
Gutlierrez. The work was not completed when Gutierrez died in December
1820. Construction continued under Padre Juan Bautista Estelric until
18272 and then under his successor, Fray Ramon Liberos. Apparently by
December 1822 the church had been completed to the degree that mass
was celebrated. The church was never iotally completed, and while some
changes may well have taken place in later years, the church and
supporiing structures prebably remained essentially unchanged after 1822,

There i3 physical evidence that substantial changes tn the basic concepts
and design as well as In some of the decorative features did occur,
however. 5Some of these changes were 50 extensive that it seems unlikely
that they would have occurred over a relatively short bullding program of
20 years. The most significant change was from a cruciferm church plan
to that of a singfe nave. Finish plaster on both the interior and exterjor
of the remaining lower walls and foundations of the fransepts was
discovered during excavations. |t seems unlikely that the transepts
woluld have been completed and then have deteriorated lo such a degree
that the openings were ciosed off in only a 20-year period. Either they
were removed conscicusly, or more likely, deteriorated owver a longer
period of time. AftLer the transepts were Cclosed, the sidewalls were
plastered and painted and probably remained for some time prior to the
addition of the side altars that exist now.




Angther significant change occurred when the apse or sanctuary area was
altered by the relocation of some walls and by the later addition of the
dome. Most of the evidence for this change is in subsurface foundations,
but a portion of painted plaster extending behind the existing pitasters
also indicates they were added later. These later additions would have
probably corresponded with the construction of the dome. The dome

itself also changed as it was repainted at least once.

5till another important change took place when the coro, or choir, was
altered. Ewvidence shows that the original concept was a wvaulied choir
that extended slightly farther to the north than does the present
remains. Whether or not the choir was compieted as a vaulted feature is
not known, but the final structure was of wooden beams supported on the
north by a transverse arch. This arch existed until ca. 1908 and can be
sean in several late 19th century pbhotographs., There alse seems {0 be a
direct symmetrical refationship between the foundations of the earlier
conceived corpo and that of the doorway inte the baptistery. The doorway
on the cora level from the second floor above the baptistry is not
centered on the baptistry door but instead is symmetrical to the second

Cora.

There are many othar less sighificant changes but important anes
nonetheless. A series of subtle changes are seen in the portion of the
corridor above grade. Many of these changes probably cccurred during
the late 19th century. Howewer, upon close inspection of the
intersections of finished wall surfaces below the existing grade, it was
evident !hat a number of changes occurred quite early. Because of the
lack of necessary pbysical information, the exact configuration duaring the
late 18th century will be difficult if not impossible to determine in the
future.

During the removal of the cement stucce from the campo santo walls in
1979, histeric repairs to the walls were evident. Specifically, a portion
of the wall extending north from the granary, and a portion of the west

wall had been constructed, had weathered significantly, and had then




been repaired and finished. The extent of the deterioration was mare
extensive than would have probably pccurred in less than 10 years of
normal weathering. The completed height of the wall prior to the erosion
was not determined so the wall could have stood for much mare than 18

years prior to the repairs.

During the excavations necessary for the seiting of the columns to
support the convento protective shelter, other unanticipated structural
teatlures were discovered that also could relale directly to construction

perfods and changes from earlier bujfdings and structures.

The number of these few examples can probably be multiplied sewveral
times over by other changes and other ewvidence of the specific seguence
of building and use if the changes that exist only below grade were
included. These indications of the building sequence at Tumacacori are
all exampies of physical evidence extant in the structures themselves.
Thera are many more that were not mentioned, and there is also much
information that could probably provide a more definitive explanation of
when wvarious componenis of the buiiding compiex were constructed and
under what influence. However, these cited examples are enough to
bring into serious question the accepted theory that the present church
was commenced and exscuted in its entirety between ca. 1800 and 822.

AfTter Mexico gained independence from Spain in 1821, a prejudice against
anything 5panish was evident. This resuited in another blow to the
missions of the Pimeria Afta as all Spanish-born missionaries were expelled
from Mexico in 1827. Only 1he Mexican priests remained to administer all
of the churches. Secularization socon followed in 1834, The church did
nct desert the mission at Tumacacari although its assistance and influence
were very limited. In 1841, Friar Antonia Gonzales had Tumacacori in his

charge.

An inventory of Pimeria Alta missions in 1942 provides a description of
the interior of the church with the names and numbers of santes and
vestmenis still at Tumacacori. One interesting aspect of this inventory




was that the pafron saint given for Tumacacori was La Purisima
Concepcién and not San Josf.  In the description of the interior, it
appears that La Purisima Concepcion was atso located abowve the main altar
in the sanctuary. It is also interesting to loak at this description in
light of the iconography aof the painted pendentives jn the sanctuary.
The wett, the gateway, the palm, and the cypress are all attributes of
the La Purisima Concepcidn and nol of 5an José. The exact meaning af
all this is certainly open to conjecture, but it does point out that there is

still so much about Tumacacori's history that remains a mystery.

As the 1840Qs progressed, life for the people at Tumacacori became even
more difficult, The Mexican government did not continue the pacification
program initiated by Spain, and as a resuit, Apache raids became more
and more freguent. People still lived at Tumacacori in October 1848 as
evident fram an entry in the diary of Cave J. Couts: "At Tumacacor: is
a very large and fine church standing in the midst of a few commaon
conjcal Indian huts, made of bushes, Lhatched with grass, but of most
cormmen and primitive Kind . . . all its images, pictures, figures, eic.,
remain urmolested and in good keeping." Howewver, lwo months later,
after another Apache attack, the people at Tumacacori joined the Papago
at 3an Xawvier del Bac near Tucson. The period of Tumacacori as a
mission was owver,

ABANDDNMENT PERIOD, 1348-1915

The Sanmta Cruz Valley was on one of the routes to lhe west coast and the
California gold fields from the east. During 1849 and the 18505 many
Pecple heading west made mention of Tumacacori in their diaries. One of

the most descriplive was penned by John Robert Forsyth in October 1849

A few miles after leaving camp | was astonished to hear the
clear loud ring of two belis which chimed harmoniously on the
pure morning air and on locking across the wvalley and stream i
spied a handsome white church. On passing over | found as
usual all deselation. . . .  The church and all surrolnding



buildings were In a fine state of preservation. The paintings,
guildings, cement floor, walls and everything was in perfect
prder  with the sexceptisn of the names most shamelessly
scratched on ithe walls by some of the gold seekers. The whole
place had a meonastic appearance, rows of cells, confessional
stalls, etc. The garden was well filled with Tull grown fruit
trees  and  they had  been  heavily laden with peaches,
poemegranates, quinces, etc., but wvery few were left for us,
howewver we gleaned a few peaches. There was something
oriental in the appearance of this secluded and deserted town.
The white domes of the church, the deep green trees, the
peaked and rocky moudntains  immediately in the rear  all
combined to give it an asiatic effect in cur eyes.

H.M.T. Paowell, who in addition to sketching the church, provided in
Celober 1849:

The church s built chiefly of bGrick, plastered over. The
square lower looks as if it had never been finished. The
houses, extending east, are adobe. The church inside is about
90x18, painted and gilded with some pretensions to taste. The
altar place under the dome was, of course, more carved,
gilded, and painted tharm anywhere else. Behind the church,
nerth side, there is & large burying ground enclosed by a neat
adobe wal plastered and having niches in it at intervals.
There was a circular oratory at the south end of it near the
church. East of the church there was a large sguare yard, on
the west side of which, passing under some solid arches, we
came to a Tlight of steps leading to a granary, three large
bells, and there was one lying inside the church, dedicated to
Senor %an Antonio, dated 180%. {Watson 1931)

The 18505 began to see Jther changes as setilers began 1o slowly mowve
into the S5anta Cruz Valley. American troops moved into the area and
estabiished Camp Moore at Calabasas, but five months later they maved
approximately 25 miles east of Tubac and constructed Fort Buchanar.
This protection was the principal reason people began to enter the ares
{NPS 1977a).

According to the March 1859 issue of The Weekly Arizanian, the Santa

Rita Mining Company apparently "purchased the old ranch and mission
building of Tomacacori [sic] and . . . will make the extensive repairs."
Anather description of the mission was included in a report of the mining
company's property by Willlam Wrighttsen in 18860:




"The raof of the church was flat and covered with cement and tiles. The
timbers have mow fallen and decayed. The chancel was surmounted with

a dome, which is still in good preservation."

wrightison went on to describe other parts of the mission complex
mentioning the orchard and the campo santo specifically. Based on this
and other descriptions of Tumacacori, it is obwious that the buildings

were beginning to deteriorate at an accelerated rate.

The beginning of the Civil War in 1881 resulted in the withdrawal of the
troops at Fort Buchanan, again leawing the Tumacacori area unprotectad.
The Apaches guickly took adwvarntage of the situation by attacking Tubac
and then individual ranchers and farmers in the walley., Tubac was
abandoned (NP5 19773).

In 1864, J. Ross Browne sketched the church at Tumacacori and provided
yet another description. But this time Browne specifically refers fo the
defacement of "the dome, bell towers, and adjacent outhouses® (Browne
7871, 150). The wvandalism that he was apparently referring to continued
inta the 2D0th century and was probably one of the most significant
problems that caused extensive deterioration of the Tumacacori mission
church. The earliest Initials scratched into the church plaster were
accompanied by a date of 1852, and white this activity mainly ceased by
1920, there are those people who on rare occasions still have the need to
make thelr marks as well.

S5ome resettlfement began to occur in the late 1860s, but life in the wvalley
was difficult at best. A February 1869 issue of The Weekly Arizonian

described the situation as "the Santa Cruz wvalley is in great part lying
waste as it is situated in a portion of Arizona which may justly be called
the hame of the Apache." Tubac was again azbandoned in 1871 for a
period of five years, but peace finaflly came to the valley when the United
States Army confined the Apaches to an area east of the Santa Cruz {NP5
1977a).



Joseph King and Henry William Lowe homesteaded near Tumacacori mission
during the 1870s and 188Cs, and both used the Tumacacori buifdings to
some degree. King apparently lived for a time prior to his establishment
of a homestead in the sacristry while using the corcidor as a kitchean
(NPS 1877a).

Betweenr 1876 and 1879 there again appeared various accounts of travelers
passing through the area. Most all of these descriptiohs indicated that

Tumacacori was a ruin by that time. An article in the New York Times

on March 1, 1891, gave another important description and also an

interesting comparisan with San Javier de! Bac:

while Tumacscori did not approach San Mavier in Architectural
beauty and grandeur, the outer and communicating buiidings
were more extensive and agricultural and mineral expectations
greater. Even at the present time the ruin is not so complete
but that the passer-by may see a3 good deal to reward
him. . . . 7Jhe mamin building was 100 by 45 feet, and its
shape was that of a Greek ¢ross. . . . The dome above the
chancel is still in & fair state of preservation., But the timbers
are all "knocked whichway,” the tile roof is "topsy-turvy" on
the ground, the residences are gone io grass.

In the mid-1880s Tom Bourgeocis lived at and near the mission, and in
addition to prospecting the area, he occasionally assisted 3 priest with
performing & wedding or baptism, Fedro Calistro served as a
self-appointed caretaker from the mid-nineties, living in the corridor east
of the sacristy. Although he apparently undertook some repair, Calistro
was not entirely successful in Keeping treasure hunters from inflicting
stil! more damage. He moved to a house approximately 1 mile north of
Tumacacori in 1905, but still remained closely associated with the mission
until his death In 1928. Also during the time Calistro was living on the
site, two Mexican families lived in the granary.

The structures continued to deteriorate as the semicircular pediment feli
in the 189%%s, and the choir arch fell between 1901 and 11907. The
convents and other structures continued to ercde, but the natural erpsion
processes  were certainly exacerbated by use to some degree, but
primarily through wandalism.
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Tumacacori became a national monument an  September 8, 1208, by
presidential proclamatien, and was administered by the U.5. Forest

Service,

Deterioration continued and by 718973 it was thought to be serious enough
to warrant the expenditure of funds. A fence was constructed around
the mission site in the fall of that year, but vandalism continued to take
its toll (NPS 1977a).

The Forest Service effectively ceased any actions that might have slowed
the continuing deterioration, and in 1918 Tumacacori officially passed into
the hands of the two-year-old Natiomal Park Service, and a new pertion
of Tumacacori's history began.

Mational Park Service Period, 1918-1975

Frank Pinkley wvisited the site in 1918, and while he found it in hetter
condition that expecied, he set ahout immediately to beqgin work. In the
spring of 1919, A.5. Noon was hired to begin lhe actuzl work, and he
immediately proceeded to stabilize a portion of the bell tower and the east

sacrisly wall.

Two wyears later in 1921 Pinkley began the actual reconstruction of the
nave rgol. After the nawve roof was completed, the facade pediment was
reconstructed. The next year the campo santo was restored and holes
and wvoids filled in the interior and on the exterior of the church. By
1924 Pinkley had reconstructed the double front doors. Minor repair,
which primarily consisted of filling more holes, continued for the next few
wears.

Im 1934 the Civil Works Administration began an extensive project at
Tumacacori, which consisted primarily of filling woids in the adobe walls
and constructing & new boundary wall of adobe. ATter the Civil Works

Administralion was dissolved, federal relief continued as the Federal
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Emergency Relief Administration provided funding for the completion of

the boundary wall,

lm early 1935, an experimental winyl resin called NPSX was applied to
portiocns of the exterior facade and in the interior of the nave. VYoids
were also repaired periodically, and along with a continual problem with 2
leaking roof, until it was finatly replaced in 1947, this apparently
constituted much of the work during this period.

Decay of both plaster and adobe continued to cause concern during the
13405, Charlie 5teen inspecied the mission in 1946 and identified several
probfems. In 1947 Steen returned with Al Lancaster to begin &
stabilization program that consisted primarily of lower wall or basal repair
and the filling and repair of cracks.

Superintendent Earl Jackson, attentive 1o the surface erosion, plastered
mast of the remaining uWnplastered upper walls that Pinkley had

canstructed, as well as some of the original adobe surfaces.

An important event taok place in 1849 when Rutherford J. Gettens of the
Fogg Museum at Harvard University Inspected Tumacacori and made
recommendations for the treatment of the painted plaster surfaces. The
actual treatment of cleaning, plaster edge stabilization, and consglidating
the paint film with a polyvinyl acetate was carried out by Charlie Steen.
This work remained as an important benchmark for the paint conservation
project which began in 1982,

Superintendent Jackson continued his project of plastering unpreotected
surfaces, and in 1350 he remowved the remaining original plaster from the

exterior west nave wall {NP5 1977a).

Chemical ceonsolidants were first used in 1935 and were used fairly

extensively in the 1950s and 1960s. A silicone material, "Daracane,"

WAS
used by Gordon Vivian in the mid-1950s and Roland Richert bhegan to
experiment with "Daraweid" in 1960, Daraweld was apparently wused

periodically during the 1560s and perhaps intc 1570-71.

12




A major stabilization effort recommended by Roland Richert to combat the
capillary maisture began in 1970 under the direction of Martin Mayer,
The work basically consisted of excavating along the exterior of the nmave
walls, coating the foundation masonry with an elastomeric membrane, and
applying a 20-millimeter-thick polychloride wvinyl to the foundation. The
polychloride winyl exiended out from the walls approximately 6 inches to 1

foot deep. Howewver, moisture continued to exist in the walis,

In 1971 Daniel Ewvans, a sails physicist from the Hydrelogy Department at
the University of Arizona, was hired by the National Park Service to
cotfect data to  determine the extent of the wall moisture problem.
Extensive testing of adobe samples from the church walis and soil sampies
in the church did not provide sufficient evidence to determine the extent
and scurce of the problem. Ewans did present some general possibilities
which proved to be essentially correct; i.e., there was an intermittent
water source, or water had entered the walls in the past and was drying
up. In reality, both of these situations were Influencing the actual wall
moisture content Tn certain areas. Ewans also attempted to dry the walls
by pumping hot &ir into a series of holes excavated on the south énd of
the east nave wall. The experiment did not produce enough positive
results to justify continuation, although Ewans did feel that the wali had
slowly dried to some degree (Evans 1972, 2-5).

The major general presarvation apptroach undertaken at Tumacacori, other
than the contipual treatment of wall surfaces with plaster coatings, fill
material, and waterproofing agents, was the attempt to pregerve the
structure with protective shelters. The church itself had a roof over the
nave after 1921, and the sacristy and sanctuary were protected by
masonry wvaulis, The corridor extending east of the sacristy, the
granary, and the portion of the convento that still existed above grade
were eventually provided with shelters.

A metal reof was construcied pwver the corridor in 1953, and in 1957 an

enclosed structure was constructed over the canventa remains. After a

major stabilization project in 1970 and 1971, a metal roof was constructed
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over the granary. The metal rools were eventually removed in 1979, and
the structure ower the convento was altered drastically a wear later. It
too was to be removed, but during the removal process the condition of

the south wall was more fragile than anticipated.

The Tumacaceri preseryation project began with a meeting at Tumacacori
in January 1575, and was attended by local, regional, washington, and
D5C personnel. The purpose was to develop a plan for a comprehensive
preservalion project. A general approach was formulated, and in the
summer of that year an archeclogical synthesis was developed. Multiyear
funding began in Tiscal year 1876, and the project was fully moving by
January 1976,
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CHAPTER Il: ARCHITECTURAL INVESTIGATIONS AND
PRESERVATION FROCEDURES FOR THE CHURCH

The general criteria estahlished for the selection of a2 method and/or
material were quite simple. The method and/or material must do the iob
for which it is intended and must have minimal, if any, adverse effect an
the original material. A material placed in an adobe wall that remains
sound but causes previously unaffected original material to deteriorate is
not acceptabie. A related criterion iz that an  action should be

reversible,

The criterion of reversibility is relative because no action can be
undertaken and {ater reversed withoult some effect on the original fabric
and, correspondingly, practically any action can be reversed. The one
exception to the reversibility of any action would be the chemical or
physical change of one material to another. An example is the total
consolidation of an adobe wall or some part of the wsall by replacing or
supplementing the natural cementing material with another cementing
material, such as a thermoplastic. The placement of 3,000 pounds of
concrete in a void in an adobe wall would be reversible since the concrete
could be removed. However, fls remowval would cause much mare damage
to the surrounding original material than would be incurred by remowing
& clay material that had been usad to fill the same void. In this example
the cancrete is considered to be hasically irreversible.

The approach followed was based on the scientific evaluation of the
original materials and any new materials that were considered for use and
on a practical application of both in the field. This evaluation gave
insight into the relative performance of the original and the nonoriginal
materiais and ta their compatibility. Because all prablems are directly
related to water intrusion, the properties of the materials that have an
effect or are affected by waler are considered to be the most importani

criteria--chiefly, capillary potential and permeability.
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Structural Voids in the Adobe, Plaster, and Fired Brick

Many wvoids were discovered when the cement stucco was removed. While
some of these voids were rather large and required up to 1 cubic foot of
£l material, most voids were only a few fnches deep (illustrations 1 and
2}.

The methods for filling the voids were tested extensively beginning in
1977 with the comstruction of the test walls. The basic reguirements for
adobe fill were materials that had an equal or greater water transmission
property and materials that would not shrink significantly. A separation
of the new material from Lhe original would restrict the desired movement
of moisture through the materials to the surrounding air. Seii with a
similar particle size distribution and similar ¢lay fractions as the original,
campacted to a similar density, would fall within an acceptable range for
the critical properties. |If other properties are kept constant, a higher
clay content would result in a smazller capiilary pore size and a greater
capillary potential; a lower clay content would result in a lesser capillary
potential. The greater capiliary potential of the new material would tend
to draw mojsture from the original material if moisture was traveling
through the original material in horizontal capillaries and if there was no
interface between the two materials.

The initial testing consisted of filling several voids in the tesi walls in
Cctober 1977, In each case, a slightly different mixture of soil was used,
the variable being the amount of clay. Also at this time the west side of
the east wall of the corridor was filled because of a real possibility of the
total collapse of the wall.

The woids that were filled in the test wall contained wvaricus amounts of
clay ranging from 8 percent te 15 percent. The material with 8 percent
and 11 percent clay was vsed to fill voids up to & inches thick, and
material containing mare clay was used to fill thinner voids. After several
vears of primarily naturai weathering and some artificial weathering, there
was little difference in the overall effectiveness of the material or method
used to fill the wvoids. The surface of the materials with the smaller
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1. West church wall during the filling of voids,
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amaunts of clay apparently weathered slightly more, the difference not
varying dimensionally but rather reflected in a slightly coarser appearing
surface texture., Mone of the test areas showed a significant separation

of the new material from the old or any acceleraled weathering of the old.

In actual practice, larger wvoids were filled with full size adobes or adobe
batts, or pieces, laid up in regular courses (illustration 3). The smaiter
volds, which in soeme cases were merely surface undulations, were Tilled
with smaller adobe and brick balis and mud, or with just mud alone. It
was necessary to compacl the mud as it was packed rather than simply
daubed or trowesled on.

Excessively loose material was brushed from the surfaces of the voids and
then dampened slightly to ensure an adequate bond between the old and

the new material.

Interestingly, this particular method for dealing with large wvoids in adobe
material was wused historically at many similar sites. The treatment at
Tumacacori was basically the same, bul in some areas & lime mortar was
used along with fired brickbatis Tor the Ffill malerial. Also, the initial
stabilization work undertaken at Tumacacori by Frank Pinkley consisted of
the use of this method. The most obvious area where the Pinkley work
can be seen is in the interior of the church in the baptistry, in the
sanctuary, and at the south end of the nave near the west wall, After
over 60 years there has been no distinguishable change. In areas of
larger woids, Mr. Pinkley used whole naltural adcobes.

The mud wused to fill the wvoid in the corrider contained the same
approximate percentage of clay as the adobes in this partion of the wall,
the primary difference being that the clay in the original material was
predominantly montmorillonite, an expansive clay, and the clay in the fill

material was predominantly illite, & nonexpansive clay.

One assumption made in regard to the selection of any soil for use at

Tumacacor] was that it not contain predominant ameounts of expansive
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3.

The north sida of the bell tower after the removal of the hard cement stuccd,




clays such as montmorillonite. Being less expansive, there would be less
initial cracking or drying and less suffering from wetting-drying cycies
during natural weathering. Howewver, in actual practice no difference
could be seen as both the expansive and nonexpansive clays performed

equally well.

Initially some holes, in the original lime plaster were filled with mud.
Water could run into these holes and eventuaily cause the loss of large
segments of plaster. However, this practice was discontinued because of
excessive staining and inadequate protection. The holes have been filled
with lime from the beginning and, in fact, were as the project
pragressed. This lime plaster matched the original as closely as possible

{or as was practical}.

The original lime plaster contained approximately 25 percent lime by
weighl. The particle gradation waried, but there was normally less than
13 percent silt and clay. 5Some clay was either added to the original lime

plaster or appeared accidentally in the unwashed sand.

The clay, if weil dispersed, will actually add to weathering characteristics
of the lime plaster and might have been consciously added, particularly in
areas subject ta more contact with water, It is also quite possible that
an organic material such as the liguid from an agave plant was used
historically at Tumacacori. Similar plant products are used in many partis
aof the world to increase the weathering ability of plaster and was used
also in Colonial Mexice {Celario, pers. com. 1972).

For repair purposes the holes in the original plaster were first cleaned
and then filled with lime plaster slightly below the existing plaster
surface. The new plaster was rubbed out after it set up slightly. This
praduced a rough texture simitar tp the existing condition of the ariginal
plaster.

The primary areas of voids in fired brick were the restored brick cornice

along the exterfor pave walls and the original brick cornice that remains

around the exterifor of three sides of the sanctuary.
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The eriginal bricks were repaired by repointing and fifling the woids with
lime mortar. The lime plaster and mortar used for this purpoase was
similar to the original plaster and contained a small amount of clay to give
it better water-resistant characteristics and workability. Alsg, |ime

martar used to fill voids in hricks was tinted slightly with brick dust.

PROTECTIVE PLASTER COATINGS

Surface erosion is a far less important part of the deterigration processes
of adobe than basal erocsion by floodwater and capillary moisture, or
upper wall ercsion by penetrating rainwater. |If surface erosion was the
anly reason far appfying a protective surface treatment on the exterior
walls of the church, it would noat have been done. Howewer, in the case
of Tumacacori, ceatings on exposed adobes were necessary to kKeep
rainwater from penetrating behind original fime plaster and to provide a
matarial that erodes in place of the original material when affected by the
deleterious effects of recrystallizing scluble salts and wetting-drying

cycles.

Since the actual surface erosjion s the least significant, any simple
treatment of the originai material by a chemical consolidant or water
repellent was nol considered. Ewven if such treatment had been desirable,
none could he found that could bBe uwsed at Tumacacori without having an

adwverse affect on the original malerial.
Gn this basts, lwo types of surface coatings were considered--an amended

plaster and an unamended plaster. Within these parameters the choices

were either a lime piaster or a natural soil or mud plaster.

Existing Plaster

The application of two coats of lime plaster was the treatment on all the
interior and exterior wall surfaces at Tumacacori originally. The total

thickness of the two coats wvaries, bui the average would be approximately
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1% inches. The base and finish coats were consistent with the exception
of the crushed brick and rock fragments, which were placed in the wet
finish ceoat on ithe exterior of the campo santo wall and the lower portions
of the church walls. An extensive amount of plaster remains on the
upper portions of the interier surfaces of the nave walls, the interior of
the sanctuary and the sacristy, the exterior of the north church walt,
the exterior of the south facade, and the campe santa wall. A lesser
amount can be found on the exterior of the mortuary chapel, on the bell
tower, and on the exterior of the sast nave wall. There is ne remaining
ariginal plaster surfaces on the exterior of the west nave wall although

fragments do exist in mortar joints.

The original plaster that is exposed lo the surface has functioneg well
through the wyears and the loss of the original has been because of the
lack of amy maintenance. When maintenance was undertaken, such as in
the interior of the church, it has been successful in preserving the
remaining plaster.

Mud Plaster

The lower portions of the wafls of the church have been most affected by
matsture-related degradation and will conlinue to suffer to some extent
throughout the |ife of the structure. Capillary action will continue to be
drawn up into the walls as long as a source is available. However, the
preservation appraach was that it affecled areas were maintained and
certain corrective measures taken, there will never be any major loss of
material. With this movement through the walls, maisture will eventually
surface, causing some basal erosion. This capillary moisture will have no
appreciable effect on the structures if (1) the meoisture conlent never
reaches the structurally critical level, and (2) the surface ercsion at the
base of the walls takes place in a nonoriginal material.

Because of the mportance of reducing the scurce of the capillary moisture

arnd allowing the moisture that finds its way into the walls to eventually

23



gvaporate, the surface treatment chosen had characteristics that were
conducive for both to occur. OF the two specific choices available, the

mud plaster was seen 1o best meet the desired characteristics initially.

After the cement stucco was remowved, the lower portions of the exterior
of the east nave walfl were plastered with the mud plaster. It remained in
place for two years and then was replaced with lime plaster. This initial
period required the mud plaster to enable the damper walls to dry faster.

Several materizls appear lo perform quite weli as additives to mud plasler
in ceriain situations {NP5 1977s, 1977b). PHowever, ihese seem much
more suited to a use when mpisture migrating from the inlerior to the
exterior of 1lhe wall is net a probiem. The admixture serves as an
additional cementing agent, but in s0¢ deing lowers the capillary potential
af the material if not the permeability. Consequently, it was not

apprapriate for use in mud at Tumacacori.

The initial patch of mud plaster used on one af the test walls was applied
in October T977. It consisted of the "red mesa” scil selected specifically
for mud and adobe needs by Dr. Fenn and his staff at the Western
Archeolegical Center, The selection was based on a good particle size
distribution and the absence of significant expansive clays. The soit was
cut by the addition of sand, which resulted Tn a material with a good
particle size gradation and a clay content of approximately 12 percent.
The patch was applied % inch thick by hand aon a slightly concave portion
at the base of the wall where a large depasit of soiuble salts had formed
as efflorescence. After drying, the surface cracks were rubbed out with

a wel sheapskin.

Subsequent patches of the same basic material were applied to the test
watls in January and February 1978. The primary wvariables in this
testing were related to (1) the amount of sand added to the red mesa
soil, (2} the number of coats, {(3) the wall preparation, and {4) whether

or not grass was added.
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The resulting mixes wvaried from a clay content as low as & percent to as
high as 32 percent. The optimum, based on minimal large cracks and

durability, sesmed to be a mix with approxtmately 10 to 15 percent clay.

The only wall preparation was to brush the surface free of any loose
material and to dampen It slightly a few minutes before plastering. (A
small amount of lpose material did not seem to affect the ability of the
plaster to stick on the wall, but large amounts did.} FPrewetling the
surface had no lasting relationship on the bonding of the plaster o the
wall, but it certainfy aided in the initial application of the plaster.

Local grasses were added to some of the mixes and proved to be
beneficial in reducing cracking. This was particularly true of the base
cost. The finish coat seemed to function guite well withoul the added
grass if it was applied over a good base. The addition of the grass
seemed most beneficial when the plaster was continually soaked by rainfall
and dried. A spongy feel still characterized the thoroughly wet plaster,
but once dry, the plaster returned to its original hardness. HNormally

only the surface of the mud plaster becomes wet after a rain shower.

The primary probiem with the red mesa scil was that it was significantly
redder than the adobe material used at Tumacacori. The actual colors
vary, but the red secil was similar to 7.5 yr % and the Tumacacori
material was similar to 10 yr % e the Munsel soil color chart.  All the
locally available soil was the same color as the Tumacacor| material, but

all thase tested contained significant amounts of montmorillonite.

withaut prior testing, some local material was used as mud plaster both
with and without grass added. The results were rather surprising. The
plaster set oup initially and continued fto funclion with wvery little
cracking--less cracking than the red mesa material used wunder similar
circumstiances. A  particle size analysis shows a reasconably good
gradaticn except that more than the desired amount of fine sand and sift
was present. Also, X-ray defraction analysis indicated montmeriilonite
clay. The clay content of 17 percent sppeared to be near the optimum.

This local material was what was actually used on the east nave wall.
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Lime Plaster

Some testing was carried out on ilhe test walls constructed on the
monument grounds fo determine an appropriate lime plaster mix and
method of application. The initial mixes were derived from the analysis of
the lime plaster used hisloricaliy at Tumacacori and other historical
references. OFf approximately 12 plaster samples analyzed, all were from
a finish coat. The particle size distribution for these samples varied
somewhat, but all had clay contents considerably less than 10 percent of
the total. The lime content waried between 20 percent and 24 percent,
probably indicating a desired mix of approximately thres parts of sand to
are part of slaked lime. This mix is certainly not unuswal since the
normal  called for in  historical accounts in European and American
publications was 3:1 or 4:1. Plaster from the [ate 18th and early 13th
century Spanish  Colonial  Mission Rosario nesr Goliad, Texas, also
contained approximatety the same percentages of lime. The base or brown
coat of plaster was analyzed and indicated that & similar amount of lime

was used.

Slaked lime, <calcium hydroxide, which was used during the testing
program, was slaked on the site. Some of the first plaster tried was with
lime that had slaked for only 24 hours. Later a hale was dug in a pile of
soil brought to the site for testing purposes; the hole was filled with
guicklime, water was added, and then it was covered over. The length
of time reguired for complete slaking to take place is difficult to calculate
accurately, bub several weeks is probably a minimum. Complete slaking is
desirable but not completely necessary. Under certain conditions smalf
pockets of Lhe wunstaked lime will expand in wvolume and literally explode
off the plasiter s0 some care must be iaken. This phenomenon is
exemplified by the many small craters on the plaster sourface of the
sanctuary's narthwest pendentive. However, in mosl cases lhere appears
to be no significant effects. Consequently, the popping action was not
considered to be gwerly impartant when used for replastering purposes.
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The warious mixes were prepared and then applied to the wall with a
regular mason's Ltrowel. In some cases the test wall was prepared by
cleaning all loose material from the surface, amd in other cases T was
mot.  The plaster was also applied in some cases after morlar joints were
raked zo that the lime plaster going into these raked joints would farm
effective plaster Kkeys. Another wall preparation included wetting the
surface slightly before the plasier was applied. Again, this action, as

with the others, was carried out in some cases and in others it was not.

The actual thickness of the plaster was not waried intentionally but did
vary sgmewhat as different conditions were encountered on the wall. The
average thickness was perhaps 1/2 to 3/4 inches, but in many situations,
plaster was forced into small, naturally occurring holes up to 2 inches in
depth.

A 21 zand o lime mix was applied first because of the historic use of
this approximate mix. Subseguent mixeés continued to decrease in the
sand to fime ratic untit a pure lime slurry was used. HMexi, mixes wilh

an increasing ratio of 4;1 and then 5:1 were used,

The richer mixes cracked dramatically eon drying, making them
undesirahle. Included in these was the original 3:1 mix, which actuatiy
resulled in marginal cracking but did not work as well as a slightly
leaner mix. The £4:1 mix worked weil, but the 5:1 mix worked ewven
better. Thare were a few small cracks in the richer of the two, but it
appeared to be acceptable, especially as a finish coat. The 5:1 mix did

not crack al alf, and its strength and toughhness appeared good.

All of the mixes adhered well to the adobe wall initially. The many holes
and natural undulations in the wall, when filled with plasier, provided
the desired Kkeying. The edges of the richer mixes began to pull away
frem the wall after a few hours of drying but still seemed to remain
adeguately secured, There had also been some loss of contact with the
adobe surface In the center of these patches. The 4:1 and 5:1 mixes
remained in contact with the wall with no noticeable loss, although when
dry they all sounded somewhal hollow.
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As mentioned previously, the unamended lime plaster was used at
approximately a 5:1 sand to {ime mix with a small amount of fines added.
This plaster was used on "all exposed exterior surfaces eventually. The
final plastering was compléted in 1979, and except for one area on the

east sacristy wall, it has weathered and performed well.

The use of unamended mud plaster along the lower portions of the walls
and uramended lime plaster on the upper portions of the walls is the
lagical appreoach. The exact amounts of materials and time required can
only be estimated at this point. The full extent will be apparent after

the stucco is removed.

PLASTER REATTACHMENT

The reattachment of ariginal plaster that had pulled away from the walls
was discussed at length in the preliminary report on the Tumacacori
project (NP5 1976). At that time the reattachment with epoxy resin pins
was considered to be necessary because of the existence of the friable
material on the surface of the wall onto which the plaster would be
attached. However, further investigation reversed that opinion, and it
was later recommended that the reattachment be accomplished with a |ime
grout. The most important area was on the north end of the sanctuary
where the only portion of original decorative exterior plaster exists.
This plaster had pulled away from the wall by as much as 3 inches in
places. This same area is described in more detail in "Chapter V: Paint
Canservation." The other important area was on the interior surface of
the west nave wall--the remains of the retablo abowve the scuth altar.
However, before any action was taken the plaster fell. Since that loss in
1281, the remains hawve been stored al Tumacacori.
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IMPERVICOUS FOUNDATICON MEMBRANES

with the major moisture problem being capillary moisture in the nawve
walls, one of the primary concerns, which hopefully material and method
of ressarch would solve, was the practicalily of effectively eliminating the
vertical movement of moisture up into the walls. This can only be
accamplished by cutting off the capillaries by one continuous impervious
membrane ioccated from one side of the wall to another along its entire

lerigth, or by actually filling the capillary pores themselves.

Cantinuous Sawn-irn Membranes

Cantinuous membranes have been used before in extant structures
{(Gratwick 1974, 90}. These structures have all been either brick or
stone masonry, and no attempt has ever besn made to place a horizontal

membrane in or near lhe foundaticns of an adobe structure.

Even after a cursory ewvaluation, it is cbvious that many cther problems
exist. The nearly 6-foot-thick walls would have made it extremely
difficult, it not impossible, Lo accomplish the geal. [n addition to the
thick walls, the Inconsistency of the mud mortar would also make the
placement of a membrane difficult. The most important reason why this
type of moistuire barrier is not desirable is the effect on the adobe
siructure if it could be Installed. Moisture would continue to move up
into the wall until the membrane was reached. The moisture content of
the adobe in this area could conceivably ncrease to such a level that the

adobe material would deform under the weight of the wall.

Chemical Membranes

The principlte of this particular approach seemed much more valid for use
al Tumacacori than that of the sawn-in membrane. However, the problem

was the inabllity of a chemicali-method approach to fill enocugh waids to
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form a horizontal imperwvious layer in the adobe itseif. Ewven those
chemicals that offered the meost potential, such as the monomers, hawve not

been effective.

Cne end of a test wall at Tumacacori was treated by Dr. William Burke of
Arizona  State  University in October 1978, He had used a
melthlmethacrylate monomer for in situ palymerization of sandstone and also
of scil in a prehistoric pithouse. Some success was claimed on the stone

consclidation, bul apparently the pithouse wall project was not successful,

Immediately after the test wall was treated, large cracks began to develop
an the top of the wall: ailso, the cracked malterial appeared to swell
noticeably. Within two months the surface acquired a mottled appearance
typical of silicone treated walls. This appearance is a result of part of
the surface having a coating of the chemical on it, while other portions
have already lost the coating. This moltled appearance becomes evern
more noticeable as lime passes. Aside from this surface alteration, the
wall does nol seem to absorb much water during a rainstorm, and there
has heen l2ss coving immediately beilow the cap than on some other
sections of the wall. The actual amount of chemical penetration is not
known, but it is obwvious thal the top cap was hot consclidated, and

conseguently, it is doubtful if much of the wall interior was affected.

Dr. Charles O'Bannon had also besn sxperimenting with adobe and sarth
consclidation, using a method based on the principles of electro-osmosis to
pull a chemical through a wall (O'Bannon 19773, The method certainly
has proved to hawve application 'n the stabilization of rpadways, but the
experiments by Dr. O'Bannon at Casa Grande Matipnal Monumenl wers hot

successful {Fenn, pers. com. 1978).

PRESERVATION MONITORING SYSTEM

A monitoring system was designed for the specific problems at this site,

arnd the system was incorpeorated into the preservation project. The
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primary purpose of the monitoring system was ta record the conditions of
the structures and the changes in the micreenviranment so that the twa
can ba related. The monitoring program itself consisted of two basic
components: {71} the recordation of the effects of deterioration; i.e., Lhe
permanent deformation of building material and the chemical processes that
result in fabric degradation; and {2} the recordation of the causes of

deterioration.

In addition to manitoring the actual changes in the buildings, particularly
the church, the existing conditions of both the structures and the site
were established. This complete sysiem was reported on in depth in the
APT Journal {Crosby 1879).

Existing Conditions

The size, shape, and position of individual elements, as well as the
combination of these elemenils in Lhe complete struciures, were recarded

photearaphically and graphically.

Scale drawings of the church were compleled by the Experimental
Engineering 5tation at Ohic S5tate University from sterecphotogrammetric

fieldwork by Perry Borchers, These drawings consist of plans,
eglevations, and seclions of the church at a scale of 1/4" = 1' - 0" and an
interior plan of the sanctuary dome al a scale of 1" =1 - 0" with 1"

cantaurs of the interior dome surface. Some architectural detzils have
been recorded on color and infrared film., This recording is principally
oriented to areas where coior changes could have an adverse effect on the

overall integrity of the structures.

The meisture content within the church walls was determined at a
particular poinl in time by drilling holes on an established grid and
taking material samples. A knowledge of the absolute meoisture content in
the walls of the church nawve was important for tweo reasoms. First, the
location and extent of wall moisture provided information that was helpful
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in determining the sources of the moisture. Secondly, the knowledge of
the extent of wall moisture was related to the strength of the adobe
material at different moisture contents (see "Chapter VI, Moisture
Conditions and Their Effects}."

Topographic conditions were determined by studying existing contour
maps of the area and through the preparation of a 10 centimeter contour
map, which recorded more specific data. The primary purpose for the
assimiliation of this data was so that the existing specific drainage
patterns and their resulting Impact on the structures could be

determined.

The subsurface investigation provided such information as the depth of
the water table, the moisture content of the soils, and the physical and
chemical properties of the ground upon which the complex rests. Based
on the results of the subsurface investigation, locations for the continued

monitering of soil moistuire weres selected.

Resylts of Deterioration

As indicated at the beginning of this section, the first component of the
monitoring system is the recordation of the actual results of deterioration
of the structures at Tumacacori. The elements monitered and the methods

of monitoring are discussed below.

Elements Monitored., These include {1} cracks in sanctuary dome {2}

cracks in nawve walls, (3) plaster lor eresion or spalling, {(4) exposed
adobe for erosion or spalling, (5} ceolor change in any materials, and
{B) nonvisible structural fabric.

Mechanics of Monitoring. Since June 1977, the cracks were monitored by

limear wariable differential transformers (LVDTs}, mechanicaf points, and
leveling equipment. The LVDTs are capable of recording mowvement across
a crack as little as 710,000 of an inch. The mechanical points were

measured with calipers and were accurate to 1/1,000 of an inch.
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The erosion of both the plaster and the adobe material was monitored
visually and photographically. The discoloration was also recorded

photographicaily.

The nonvisible structural fabric was monitored indirectly by comparing
the potential causes of  deterioration, i.e., moisture  content,
wetting-drying cycles, and earth movement, with the actual existing
conditions.  For example, if it is known through controlled tests that a
moisture content of 10 percent results in 2 less of compressive strength
of 50 percent, then, if a portion of an actual wall contains 10 percent
moisture, It can be assumed that the wall has been weakened to the same
degree. Mo direct materiaf testing for compressive strength is necessary.

Causes ol Deterioration

Many of the changes in the environment were monitored, which apparently
had little specific relafionship to the causes of deterioration. Howewver,

other factors could be related to the deterioration of the structure,

Eiements Monitored. These include (1) ambient temperature and reiative

humidity inside structures and on monument grounds, {2) moisture and
temperature conditions within  structural  fabreic, {3y mofsture and
temperalture conditicns on  wall surfaces, {4y subsurface moisture
content, (5% force of wind, (B) ultraviolet radiation, and (7)) total

precipitation

Mechanics of Monitoring. The ambient fempergture and relative humidily

was recorded in the structures by hygrothermeogiaphs and periodically
with a sling psychrometer. One hygrothermograph was located in the
sanctuary at fleor level, one was located Tor a period of time at the level
of the dome, one was [ocated along the nave wall next to the east nave

wall, and one was located in the extant convento.
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The ambient temperature, relative humidity, total wind and direction, and
precipitation were recorded for a time by a batiery-powered weather
station on the monument grounds. The total precipitation is also recorded
by an official weather recording station on the grounds.

The tolal solar radiation was being recorded by a pyranograph located on
top of the wvisitor center and later by nonralating pyranographs in the

dome. The ultraviolet radiation is a constant percentage of the total.

Moisture and temperature conditions within the structural fabric were
monitared primarily by small resistivily sensors placed in the church in 29
different Jocations and depths until recently, The interior wall
temperature reading was often supplemented with a long-stem dial
Lhermometer inritially, bot this did not prove to be wvery effective.

The wall surface temperature is taken periodically by reading small
surface thermometers placed in critical areas. The surface moisture is
determinad relatively by a surface resistivity survey and determined
absalutely from material samples.

The subsurface meisture conditions were monitored for the first two years
of the project by taking material samples and c¢hecking the water table
monthly. Two socil moisture sensors were placed in Lhe wvicinity of one of

the subsurface ruins.
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CHAPTER 11!1: ARCHITECTURAL INVESTIGATIGNS AND
PRESERVATION PROCECURES FOR ADDITIONAL STRUCTURES

CORRIDCR

The corridor, located east of the sacristy, is made up of lale 19th
cenlury as well as historic period materials. The only originail
construclion is the base of the west end of the south wall and a small
portion of the intersecting north wall. Howewver, the east end of the
south watl and the entire north wall was probably constructed during the
historic periocd. The late 18th century work included a portion of the
south wall, the east wall, and a roof Lhal has since disappeared. This
work was apparently done by Pedro Calistro, who lived there from the
T1890s until 1905 (NPS T1977c).

A protective metal structure was built over the corrider in 1853 (NPS
1977c). It kept direct rainfall from eroding the upper portions of the
walls, but other stabilization efforts aggravated the problem. The cement
stucco used along the base of the exterior wall surfaces forced capillary
moisture higher in the walls and caused much more deterioration above
the stucco {(illustration 4).

This structure is representative of a preservation philosophy that too
often leads to exaggerated deterioration. The most appropriate method
far preserving extanl, abovegrade, ruined walls is the incorporation into
the preservation plan of a c¢yclic mainlienance program. However, once
such a dramatic step as a separale prolective roof is installed, it is
assumed to be permanent, and any maintenance would appear to be
unnecessary. But, in fact, If the roof had not been erected in 1953 and
instead the structure had simply been maintained using compatible

materials, it would certainly be in better condition today.

Deterioration from capillary moisture was initially and continues to be most
prevalent at the northeast corner and the east wall. The condilions were
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so critical that repair was undertaken in the fall of 1977, The actual
method was simply to fill the major wvoid on the interior, or west side,
with moud, Tired brick and adobe batis, and rocks. The ares was first
cleaned of all icese friable material, the surface kept damp, and the fill
brought up in successive layers in the deepest concave areas to Tacifitate
drying. The mud, which had a content of approximately 15 percent of
nonexpansive clay, was packed in s0 that it would have maore capillary
potential than the adobe wall. If properly executed, meisture which will
continde to rise in the wall will move, if not be drawn, through tha new
fill maierial causing this new material to deteriorate rather than the old.
Only the most critical area was repaired at that time, but a simifar

approach was carried out later on remaining areas.

In asddition to the deterioration caused by capillary moisture, an extensive
amount of material lgss could be attributed to insecis and rodents. Ants
occupied a3 large portion of the north wall, and woids of several cubic
inches were seen in several places. The actual damage was probably
much greater than evident on the surface. In 1972 a large mound of
earth of approximately 1 cubic foot appeared at the base of the north
walf.  An amgunt of material this large could be critical, particularty if

the entire amount came from the wall or immediately below.

In 1979 the protective shelter was removed from owver the cotrider. AL
the =ame time, the cement stucco along the base of both walls was
removed, and some of the lower wall veids were filled with natural adobes
and mud. The tops of the walls were capped with unamended mud and
have been maintained continually since.

GRANARY

The building known as the granary is located along the east side of a
portion of the campo santo wall at the northwest corner of the convento.
It was excavated in 1934 by Paul Baubien and in 1970 by Mariy Mayer.

Results of the archeological investigation indicate that the structure was
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used for slerage purpeses, although it remains a distinct possibility that
it could bave served other {unctions also. The archeclagical
investigations praovided some evidence for the establishment of the
construclion sequence of the granary, the convento, and the campo santo

wall.

Very little stabilization work took place on the granary before 1970,
Earlier work consisted primarily of capping the walls with 2 cement
stucco.  The thrust of the 1970 project was directed to the stabilization

of the building, but a substantial amount of restoration alsc took place.

Stabilization work consisted of replacing deteriorated adobes with soil
cement ones, recapping some of the adobe walls, and spraying the upper

poertions of the walls with what was probably some type of acrylic resin.

Restoration wark consisted of restoring the original entrance, restoring
portions of some interior piers and the stairs to the second flopr, and
placing some new timbers where there was evidence of historic period
timbers. A metal roof was also constructed over the buiiding to give

some protection from rainwater.

Historic period adobes continued to detericrale on their exposed surfaces
in some arsas. The deterioration appears to be greater in areas where

the original adobes are next to stabilized adobe replacements (iliustration
5).

One phenaomenon  that  apparently  contributed o the accelerated
detleriorzlion results from the difference in the rate of absorption of the
two different types of adobes. Rainwater running down the wall surface
was not absorbed into the stabilized adobes; consequently, water ran over
the face of the original adobes at unnaturally high concentration levels,

causing abnormal surface erasion.

Many of the stabilized adobes that were added to the structure changed

colors over the vyears, possibly as 2 result of ultravioclet radiation.
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Howewver, some of the colar change reportedly occurred during or
immediastely after the manufacturing of the individual adobes. Some of

this stabilized material still remains.

The metal roof over the building afforded some protection froem the rains,
which predominantly came from the southeast. However, the overhang of
approximately 6 inches on the west side is totally inadequate for rains
coming from that direction. Contributing to the impact an the building
by the inadequate roof was a cracked cement cap on this west wall. The
cracks in the cap allowed water deposited on top of the wall to percolate
down into the wall or to run down the face of the adobe wall beneath ithe
ariginal lime plaster. This condition caused the loss of some of the upper

partions of original plaster.

Probably even more important, the roof was a significant visual intrusion
on the entire site as well as on the granary itself {illustration &)}. As
with the corridor, it was decided to remowve the shelter and preserve the
granary by continual maintenance (illustration 7). Additional maintenance

was reguired to properly drain the interior once the roof was removed.

The problem of proper drainage of unroofed structures in general has
been addressed in various ways many times. In the case of the corridor,
a natural slope from the sacristy to the east allows main water to simply
run out the east doorwuy. 10 most all other cases when an adequate
natural drainage situation does not  exist, excavations, sometimes
extensive, are reguired for the installation of some type of lateral
subsurface drain. A lateral drain would have required exlensive remowval
of both above- and below-grade structural remains. Consegquently, 2

tyvpical lateral drain was not considered further.

Initially, two dry wells were considered with one to be located in the
south granary room and one in the north granary room. Boath of these
dry wells wauld have consisted of a wertical shaft spproximately 1 mater,
or 3 to 4 feet in diameter, extending through at least two or three layers

44



e

b FEETT

|:‘|.'

RIS

iy
AL

8. Thegranary from the southeast before the removal of the protective roof,



7

The granary from the southeast aftar the remowval of the protective roof,

ot
I T

N

]
>
£




of cobbles, which occur naturally every three 3 to 4 feet. The shafls
themselves would then hawve been filfed with cobbles. Rainwater failing in
aither of the rooms would hawve drained into the shafts and then from the
shafts intc the subsoil through the cobblas layvers, which provide excellent
percolation.  If owver a period of years the wvoids between the cobbles in
the shafts became Tilled, the shafts couid have been reexcavated and the

silt removed.

However, another system, which would have less immediate impact because
it would have regquired a minimum amoaunt of excawvation, was designed by
a Denwver Service Center civil engineer. This system, instead of a large
shaft, used wefl casing. A well point was attached to the end of the
casing and driven to the water tabie or a depth of approximately 22 feet.
Once installed with an offset flow drain, the casing shafts were tested by
runting water down intp them. The rate of flow was approximately 5
gallens per minute. MNeither holes couid be filled during a test duoration
of 45 te 60 minutes,

The first few rainfalls of the subseguent rainy season 4did not tax the
system as all water quickly drained away. However, with each additional
rafnfatt, more and more water began to stand before finally draining. At
one siage the original contractor using compressed air blew ocut what was
apparently accumulated silt and coloidal material and the casing drained
well again for ong or two more rains. Then, the same thing began Lo
happen and the rooms began Ll fill up again before finally draining.
There was af least opne additional attempt to clean ocut the casings of the
fines by the park staff. This did not prove successful. Eventually the
park staff resorted to sweeping and finally pumping the accumulated
water out the east deoorway afler each rain. This situation continues at

the pressnt time.

The reason the well points and casings have not been successful is really
quite simple. The original theory was that instead of using the
perforated well points to pump water from an underground water supply

up i¢ the surface, the rainwater would drain back into the surface soil



by gravily. However, just as the small perforations in the head of the
well point keep some of the larger fines from being pumped up, these
same holes became plugged by the fine particles which were draining
down into the holes. The suction of a pump would normally keep thesa
holes clear when used as a2 well. The force of the water's gravitational

pull was minimal and not encugh to Keep the holes clean.

tn retrospect, the dry well would have probably been the best solution.
And, in fact, it is probkably the solution that should be employed in the
future. A  recommendation for the development of a solution of this
probliem is included in "Chapter VIII; General Conclusions and

Recommendations.”

MORTUARY CHAFEL

The mortuary chapsa! is located in the campo santo, approximately 20 feet
north of the north end of the church. Apparentty, it was never finished
becauwsae no evidence of any roofing material was found in the interior of
the siructure during Frank Pinkiey's initial investigations, A relatively
iarge number of photographs of the mortuary chapel were taken during
the late 19th and early 20th centuries, and some of the earliest ones
indicate that the building was in good condition. Much of the origmal
plaster fimish coat remained intact, and the general character had not yet

been compromised (illustration 8).

The preservation efforts undertaken primarily concentrated on the plaster
surfaces. Much of the original plaster ramains, but  extensive
replastering had completely altered ithe character exhibited in the eariiest
visual records.

The interior surfaces had been completely repiastered with a tinted
cement plaster. Much of the exterior surface bad also been replastered
with the same tinted plaster, but some of the surface of the exterior had
been replastered with a cement plaster that attempts to duplicate lhe
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priginal finish ceat. The original finish coat had smalt pieces of crushed
brick set into the plaster in 2 random fashicn, The physical technigue
was certainly much the same as was used on the exierior of the camp
santo wall and the lower portions of the church, but the result was
completely different. It probably reflects a somewhal hurried approach
by a less skilled craftsman to a method thal had been used previously.

The decision to rebuild the upper portipns of the walls was made to
protect the upper walls from continual erosicn and Lo remove the wvisually
intrusive stuccos that had been added over the past few years. After
Lthe restoration was completed, the new adobes were plastered with a
lime-and-plaster and tinted with mud washes., Some of the new bricks
that form the torus malding have weathered over ithe past four years and

added 1o the gwverall weathered appearance of the chapei.

CONVENTO REMAINS ABOVEGROUND

The only partion of the convento that still remains abowe the surface in
any form is located directly east of the church's bell tower. Ewven as
early as 1843 the conventio was described as being in ruins, and by the
time the first photographs were taken in the 1880s, it appeared to have
been in extremely poor condition (illustration 9). Howewer, it does seem
that peortions of the convenio must have been purposely destroyed during
the next few years because by 1900 only the small portion that exists
today remained.

Whether or not portions of the convento were purposely destroyed, the
remains have undergone many changes, probably during the latter years
of the 19th century as well as Lhe earfy wyears of the 20th century. The
changes have occurred to such an extenl that it is unlikely if over 50
percent of the building material is from the historic mission pericd. The
convento building continued to be used for waricus functions such as an
office, a schoolhouse, and a museum by Lhe National Park Service until

Lhe present visiter center was compleled in 1237,
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8. View of the church and convento from the southeast,




Until recently a minimal amount of preservation work has been undertaken
on the building. Two parallel walls, one of which was leaning drastically
to the south, were given some support by a steel tension rod and
composite wood frame compression plates by the late 1940s. In 1952, the
existing building was constructed over the conventa remains for
protection from the weather. In addition to not providing the best
protection, primarily because of the significant increase in the ambient
moisture under the enclosure, the shelter effectively scresned the ruin
itself to all but a limited inspection. tn conjunction with the remowval of
the protective shelters over the corrider and the granary, a determination
was made to also remove this shelter and protect the ruin by preservation
maintenance. Howewver, when the exterior plasterboard was removed and
the entire building could be adequately assessed, it appeared that the
structure was in far worse condition than originally thought. The shelter
was serving to some extent to support a pertien of one of the adobe
walls, but even if that probiem was adequately resolved, the building
could not withstand direct exposure. Therefore, it was recommended that
gither the existing sheiter be modified to adequateiy protect the building
or a new onhe should be constructed. After an evatuation of wvarious
alternatives was completed, the HNational Park Service decided to modify
the existing shelter. The madification was approved by the Regional
Director, Western Region, in a memprandum to the Assistant Manager,
Denver Service Center, on July 23, 1980. The Arizona State Historic
Freservation Officer was notified on  August 11, The work was
subsequently carried out as a day labor project during August 19380,

SUBSURFACE STRUCTURES

Although not wisible and consequently not the prime resource at
Tumacacori, the subsurface structures are still extremely important, and
a small portion was included in the architectural investigation.

The area of concern was a small portion of the north convente wing at
the juncture of the wing with the granmary. A small concrete block
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retaining wall was constructed without mortar along the mound
perpendicular and just to the rnorth of the doorway leading into the
granary. Moisture continually mowved from this retaining wall, being
greater during the rainy seasons. If the moisture was moving through
the subsurface wails, it would no doubt have been adversely affecting
them.

In addition to [earning whether or not the walls were being affected by
the moisture movement, it was desirable to try tc determine the amcount of
weathering that was taking place below grade. !t has been the general
consensus that structural remains are best preserved in a backfilled
condition. it is essential, though, to compare the deterioration of the
structures below ground to their deterioration when being maintzined
abovegiround,

The actual monitering of the deterioration is extremely difficult to
accomplish. it was hoped that good photographic coverage of this area
existed so that comparisons could be made at the time of the excawvation.
Howewver, the only pheotograph of the area found that was taken at the
time of the back-filling in 1268 is in the persanal collection of Don Morris
of the Western Archeological and Conserwvation Center in Tucson. The
photograph was taken looking west along the top of the conwvento wing
from about 75 feet away. Needless to say, no diredt photographic
comparisons could b& made to the level of detail which would have been
reguired.

The excavation of the smail ares was accomplished in approximately one
and a half working days. 1L was discovered that the block retaining wall
was located 2 feet from the socuthernmost part of the south wall of this

roam. The fill on the south side of this wall was meist, but the fill an
the north side was dry.

A polyethylene shest covered the top of the wall and exiended down both

sides, Its pirimary f{function was to delineate the wall to assist
reexcavalion of the same area. Ancother polyethylene sheet was used to
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covar the Ffilled room and the wall about § to & inches befow the top of
the fill. Pan Meorris indicated by personal communication that the
pofyethylens had been perforated, but it was difficuit to determine the
extent since several holes were also punched in the sheeting during the
reexcavation.

The exposed wall appeared 1o be moist. A sample for meisture
determination was not taken, but il was estimalted to be in the range of
10 percent moisture by weight. There seemed to be no relationship
between the moisture in the wall and the moisture that was percolating
through the concrete block retaining wall.  Apparently the water coming
through 1ihe concrete wall was rainwater that moved owver the top of the
backfilled room and the sputh wall and seseped down into the Ffill just
narth of the retaining wall. The moisture in the relaining wall was
proebably being drawn up from below and perhaps to seme extent from the
fill In the room because of the greater capifllary potential of the wall

matarial.

while examining the wall an invaluable aid was discovered which gave
very specific information about the rate of deterioration this wail has
suffered since it was backfilled in 19868. Small amounts of the adobe
material could be seen along the wertical wall surfaces, having been
deposited there during the rains that fefl on the wall while it was exposed
between 1964 and 1968. The wvery distinct lines made by water that had
run down the wall appear just as they would have looked if they had
breen rained on only a few days before the examination. Even though the
walls were wet, they have remained in a state of preservation. (1t is
likely thal the moisture content of the wall fluctuated little, if any, and
the stable condition was the primary reason for no deterioration.

A moislure sensor was placed in the north side of the wall at its base, 3
feet B inches below ithe polyethylene and 5 feel 8 inches from the north
end of the wall. Another senscr was placed in the fill approximately 1
foot below the polyethylens. These were used to monitor the relative
increase or decresse of the meisture content of the two materials over the
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next  two years, During this fime the meoislure content of  the
surrounding fill and the walis waried little and did not ssem to he

affected significantly by seasonal changes.

The wall was also photographed extensively by the project architect and
by the archeoclogists who aciually did the exeavating. These photographs

will serve as a bhasis For comparison if the wall is ever reexcavated again.

The examination of this smali portion of the subsurface structures seems
io indicate that they are in facl being preserved far better than they
could be if exposed to the elements and neglected. However, if they
were ever exposed for interpretive purpeses, they would probably
survive far an extensive period of time If maintained properly.
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CHAPTER IV: STRUCTURAL COWDITIONS

The analysis of the structural conditions of the building was based on
(1) an evaluation of its structural history, (2) wvisual observations, {2
specific monitoring of suspected trouble areas, and {4) a comparison of
the theoretical compressive strength of the material at warious moisture
contents and the actual loading.

STRUCTURAL HISTORY

The major structural components of the church remained intact far at
least 70 years wilhout maintenance. This represents the time between the
abandonment of the complex in 71848 until the National Park Service began
rehabilitation work in 1919. The actual time was probably closer to 100
years since it is doubtful if much maintenance was done on the buiiding
after 1822. During this perfod the building was inevitably subjected to
changes in the microenvironment, which could potentially have adversaly
affected it. The raoof, which would have provided some lateral bracing
for the walls, was probably removed soon after abandonment. In 1860,
William Wrighttson, who was associated with the Santa Rita Mining
Company, described Tumacacori's roof as "now fallen and decayed."

Early photegraphs of Tumacacori clearly indicated the absence of a roof
over the nawve. Later photographs show the effects of erosion on the
upper peortion of the wails (iilustration 103. The upper wall erosion
suggests that rainwater also percolated down through the walls to further
weaken them. DBasal erosion to a depth of 12 ipches into the walls

certainly compramised the structural integrity of the buiiding even more.

An earthquake of great magnitude damaged many buildings n Tucson,
Tombstone, Willcox, 5t. Dawvid, Charleston, Fort Huachuea, and in
Sonoran cities on May 3, 1887. The magnitude of the shock at
Tumacacori is unknown, but & must have been appreciable, too. But
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10, An 1829 George Roskruge photograph of the church from the south.
Photograph is from the Tumacacort National Monument files,




even in a less than fdeal situation, the chuyrch apparently did not suffer

any major loss through structural failure.

A pre-sarthguake photograph, ca. 1882, shows the base and the [ower
portions of the engaged columns om the front facade (illustration 11},
However, photographs taken in 1888, afler the seismic activity, rewvealed
that these same elements were missing. While there s no specific proof,

they could hawve been shaken loose by the earthguake.

STRUCTHRAL CRACKS

The existing cracks in the walls and the dome could have been a result of
this traumatic shock. The two cracks in the west nave wall certainiy
appear to be the result of a sudden shock rather than the result of
setilement. The settlement at the southwest corner of the building
sccurring over a long period of time would he expecled to result in &
diagenal crack. While it is not known when the cracks appeared, a
rhotograph taken ca. 1900 shows the two cracks extended completely
thraugh the walli at that time. While these cracks are certainly
significant, any stresses that produced them were not of the magnitude 1o

cause the loss of any portion of the walls and dome.

A request was made in the spring of 1977 to the Natienal Bureau of
Standards through George Fatal, a structural engineer, to recommend and
instalt crack monitoring gauges on five cracks in the church.  Two
gauges were placed in the dome, two were placed along the west nawve
wall, and one was placed in the southeast corper of the nave. During
the week of May 23, 1977, Randy Williams, an electrical engineer, and a
technician assistant installed six LVDTs on the five cracks. (Gauges 1
and 2 were instafled to measure displacement normal to the dome surface
at the large cracks on the east and west sides. The other gauges were
sel up to measure displacementi parallel to the wail and dome surfaces.
Wires from the LYDTs led to power supplies, recorders, and readers
located n the bell tower at the second floor tewvel. A two-channel
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strip recorder was set up to record gauges 1 and 2 continuously. The
other four gauges were read periodicaily. Laler the National Buresu of
Standards' gauges were replaced with similar gauges owned by the

Western Archeclogical and Conservation Center.

The LVDTs actually measure a wvoltage change, which correspaonds to a
change in the distance from a plate on cne side of the crack to the device
itself on the other side of the crack. A Keithley brand mullimeter was
used to read the wvoltage change to the nearest 171,000 of a voit. The
voltage change could then be multiplied by 2 factor unigque for each
LVYDT, to translate the wvoltage change to an actual displacement,

The two cracks in the dome were monitared continupously for two months,
and the other four gauges were read periodically. The voltage was read
and recorded every hour initially, but after a daily fluctuation cycle was
established, they were read less frequently. When it appeared Lhat the
two gauges being read continually were recording no  significant
movement, continuous recording, which lasted another two months, began
for another gauge, After this time the automatic recording was

discontinued and daily readings for all the gauges continued.

The daily fluctuation cycles seemed to result from the expansion and
contraction of materials as they were heated and cooled during the day.
One gauge in the dome would normally show a movement between 8:00
a.m. and 4:00 p.m. o1 approximately 1/1,000 of an inch, and then as the
day would cool, material on either side of the crack seemed ta return to
rear the early morming location.

There was also an obwvious seasonal cycle as well. The general trend of
several cracks was lo become wider during certain times of the year and

o return to or near their original focations at other times.

One of the gauges, which recorded mowvement parallel to the west nave
wall at the c¢rack near the south end, exhibited a3 widening of the crack
during the months of July, August, September, and part of October, and

then a narrowing until January when the crack began to widen again.
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The mavement at this crack seemed to have some relationship to the
increasing and decreasing rainfall activity in the seasonal rainy seasons,
but it was not determined whether the relationship was actual or meraly
coincidental,  Increased capillary activity during this time might be the

cause of the movement.

The mowvement exhibited at the crack at the juncture of the bell tower and
the south facade wall has been the most drastic of ali. A movement
indicating the opening of the crack has been somewhat continuous fram at
feast August 1977, Periodically, the movement seemed to stabilize
semewhat, in Jandary the LYDT monitoring was supplemented by
mechanical measuring devices using a micrometer, Both the LVDTs and
the mechanical devices hawve indicated a movement of 2 mm from 1977 until
1883. The last of the LVDTs was removed from the dome in August 1982,
but sewveral other LVDTs hawve remained at the south end of the nave.

One of the ariginal structural concerns was the effect of sonic booms on
the dome of the church. Howewver, immediately after the equipment was
installed in 1977, a loud boom occurred which shook the windows in the
church. Mo change was recorded on the multimeter Iimmediately
afterwards, and there was only a paint on the continuous recording far
one of the gauges in the dome. This peint would translate to
considerably less than 1/1000 of an inch. Most subsequent sonic booms

showed no mark at all on efther of the continuously recording channels.

Im & trip report written in June 1977 by George Fatal, structural engineer
with the Mational Bureau of Standards, the question of seismic activity
and the buiiding’s response was addressed. Mr. Fatal, through his
report and both prior and subseguent personal conversations, responded
o several areas of concern such as wall maisture, improper rocf
drainage, subsurface moisture conditions, in-place cement stucco and its
eventual removal, structural design of a possible new roof, proper
material for replastering, and possible danger from seismic activity. Of
seven ftems mentioned specifically, the concern for any problem resulting
from seismic activity was stated to be the lsast important.
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The lack of any majer loss of structural fabric during the 1887
sarthguake implies that the chance for structural failure from the same
level of activity is probsbly minimal. The menitoring of the structural

cracks during the past six vears has also lessened the concern.

During the repair and replastering of the dome, the cement slucco on the
flat portion surreunding the dome was removed. MNumerous cracks in the
stucce had allowed water to penetrate down into the masonry. Beneath
the cement stlcco were two layers originally composed of |ime mortar and
brick batts, and beneath that was soil (illustrations 12 and 13}. Soil had
been wsed eriginally to fill the wvoid befween Lhe dome and the brick
carnice. In addition to the soil, lhare were also numerpus fired bricks,
or adcbe guemados, lhat had been formed for use on the bell tower, but
were used here instead, merely as fill material. Most of these bricks,
which were set in mortar, were below the sofl fill,

whern the s50il was removed, additional cracks in the masenry beneath the
fill were found, 5Some of these cracks completely isolated the portion of
the brick cornice on the northeast and northwest corners. The cause of
these cracks was not determined. They could have occurred guite eariy,
perhaps spon after construction.  But it is also likely that at least some
occurred because of excessive loading along the cornice caused by a
combination of excessive moisture content and horizontal erosion of the

adobe immediately below the cornice.

Because of the precarious nature of the two corners, the cornice bricks
themselves were tied to the adjacenl secure portion of the carnice.  This
was done by installing a No. 4 re-bar in epoxy resin grout inta a groove
which was cut inte and flollowed Lhe cornice line. The groove was cut
approximately 2 inches deep to secure the bar with an adeguate amount of
gpoxy. The other cracks were filled with lime greut to the extent
possible, and the space previously filled with soil was filled with fired
adobe bricks in dry martar. The entire area was then covered with brick

pavers and two coats of lime plaster.
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2. A view of the northwest flat portion of the sanctuary adjacent to the dome after remowval of the
cernent stucco, Phatograph laken in August 1979,
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13. A view of the west side of the dome and top of the sanctuary from the south after the removal of the
dirt fill,




STRUCTURAL RESTORATION OF MORTUARY CHAFEL

During the inilial restoration of the chapel, the upper portion of the walls
were rebuitt with adobes and a sell rubble fill. A rainstorm, which
occurred before the walls were completed, saturated the fill and caused
the antire new work to collapse, A new extension of the adobe-arched
doorway also collapsed at this time. The most important change during
the subsegquent restoration was stepping the original adobe so that the
new matertal had & flat horizontal surface to rest on. tn actuality, the
stepped horizontal surfaces were inclined loward the imterior of the wall
so that the dead loads of the material were transformed back into the wall
rather than to the exterior. Steel re-bars were installed at the reguest
of the Western Archeological and Conservatlion Center as an additional
measure to ensure against another fallure. They were Tirst painted and
then set into predrilled hofes that had been filled with epoxy resin.

These holes extended through the new material into the ariginal.

STRUCTURAL TIMBERS

Most of the original timbers used as window lintels are not capable of
carrying the loads for which they were intended. Two timbers serving as
lintels over the sputh nave window on the west wall fell apart when being
examined in November 1377 for termites and the extenl of spund wood
{illustration T4). However, the adobe material above remained in place
until the lintels were replaced. The original lintels over the sanctuary
windows appear to be in excellent condition but in actuality are not
capable of carrying the necessary loads. Some other timbers such as the
ones in the befl tower hawve not deteriorated al afll.

Generally, the nonoriginal timbers placed by Frank Finkley and others are
in good condition. A supplementai lintel that supports one of the ariginal
timbers at the main entrance on the south facade does hawve a slighl sag
al its midpoint and might ewentually need some additional support. Both
griginal and supplementaf lintels over the cpening from the sanctuary to

the sacristy are perfarming adequately.
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The nave roof Ltimbers appear to be in good structural condition. No
waler or insect damage has been observed. The extreme ends of the
limbers were examined when the roof was replaced in 1978 and also were
sound,

Generslly, all the deterioration has resulted from both insect and fungal
infestation in the past. Termites are currently active in the adobe walls
of the church, but the wood is not being affected, probably because of
the periocdic treatment with a weood preservative Llhat itz & part of the
cyclic mainlenance program. The details of Lhe cyclic treatment are

included in the "Historic Structure Preservation Guide® for Tumacacori.

CONCEUSION

The primary struclural concern will always be direclly related to the
amount of mpisture in the building and the corresponding loss of
mechanical properties of the adobe malerial. As the moisture problems
were resolved, the concern for the structural stability of the church
became even less important.

The significant cracks in the wafls and in the dome were monitored usatil
no structural problems were indicated. While there is no excessive
movement in the southeast corner of the church that warrants drastic
intervention, the actual extent of that crack is still being monitored
under the direction of the Western Archeoclogical and Conservation Center.

The lintels in the west sanctuary window are not sound. While there is
na cencern for the failure of the adobe above the window, the wall
plaster requires a sound lintel for support. This will have to be

addressed in the near future or the adjacent painted plasier could be
lost.
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CHAPTEE V: FAINT CONSERVATION

HISTORY OF CONSERVATION

Early stabilization work in the 1920s and 1930s consisted of filling holes in
the plaster with cement, rebuilding small architectural elements such as
maldings, and giving support to rough plaster edges. These stabilization
attempts do provide some information about the rate of deterioration since
approximate dates for most of this work are known. Howewver, the best
benchmark was the extensive wark done by Charles R. Steen and R.J.
Gettens in 1949, Thair investigation and evaluation and the work
resulting from the research is accurately described in "Tumacacori
Interior Decaorations" and "Repart on Inspection and Recommendations for
Traatment of Flaster Walls and wall Paintings" (Steen and Gettens 1962).

The investigation and material analysis was completed by Gettens,
'nterestingly, he only analyzed the paint pigments and wash and did not
look at efflorescence on stains that may have resuited from, or have been
the cause of, deterioration. Inm fact, the actual deterioration in the form
of spalling plaster and paint was not mentioned, although the problem was
known to have existed even before this time. Photographs taken by the
Histaric American Bdildings Surwvey in 1937 show a clear line of
deterioration that is similar to the present conditions. The material
analysis of pigments found in the sanctuary of the church is as follows:

Pigments Analysis

Orange-red Ochreous hematite

Pzle gresn Copper mineral

Pale pink QOchreous  hematite
Bright red Cinnabar, mercuric sulfide
Brawn-gray Copper-zinc metal powder
Grean Copper mineral

BElue gray Charcoal carbeon

Red Ochreous hematite
Orange-yellow Ochreous hematite

Black Charcoal carbon
Greer-blue Indigo

Blue Indigo

White finish Gypsum
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The actual treaiment was undertaken by Steen and consisted of cleaning
plaster surfaces and spraying a peolyvinyl acetate (PVYA) onto the surface.

The exact formula was developed by Gettens and is as follows:

Vinylite A, medium viscosity {FVA), 50 grams
Solvent: toluene, 700 ml.
ethylene dichloride, 200 m].
cellosalve, 40 ml.
(trade name for ethylene glycol moncethylether)
cellosalve acetate, 40 ml.
dibutylphthalate, 20 ml.

During an examination of the nave and sanctuary walls in January 1380,
the effectiveness of the treatments were evaluated. The actual cleaning,
which utilized small whisk brooms, was basicatly abrasive in nature
because apparently the soiled or stained portions of the plaster were
brushed away. The implication in the 1849 report was that all the
surfaces were treated with PVA, but in actuality, the coverage was less
than complete. Many areas, particularly in the dome, hawve retained a
high degree of reflectance while other areas have not.  In some cases the
F¥4 remained on the surface layer of paint or gvpsum wash, and In
others it penetrated through the surface layer to settie on another [ayer
of wash. In some areas the treatment was apparently not completed as
only isofated draps of the PVA were found on the surfaces, [|n areas
where ihere was heavy efflorescence, the PVA had often pulled away and

was hanging net-like from the surface of the plaster.

More deterioration occurred after the 1849 work by Gettens and Steen,
but it is not known if it began immediately after thair work or scmetime
jiater. However, by the beginning of the comprehensive preservation
project in the winter of 1975-Y6, a critical situation had dewveloped.
Excessive deterioration resulted in an accelerated loss of a section of
origingl painted plaster in the sanciuary.

The affected area that had suffered the most was the northwest

pendentive (iliustration 15}. Walter Nitkiewicz, painting conservator with
the National Park Serwvice's Harpers Ferry Center, evaluated the
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15. View of the northwest pendentive.



conditions in March 1976. 1t was noted that a loss of approximately 10
percent of the paint had occurred up to that time. There was a loss of
perhiaps another 5 percent until January 1977 when the rate of
deterioralion accelerated tremendously, resulting in a loss of another 35
percent by March 1, 1977.

January 1977 was an extremely wet month at Tumacacori. Conseguently,
the accelerated deteriaration can probably be traced to rainfall percalating
down and surfacing at the affected spot. The reason f{or the
deteriaration occurring at that time after many years of similar conditions
is not known. However, another significant amount of rainfall occurring
at any time would have probably resulted in the loss of the remainder of
the paint in this area.

The affected area was examined continually during January and February
1977 by the project archilect. Another MNPS architect familiar with
conservation lechnigues of painted surfaces, and a private conservator
also examined the area in February. The recommendation of each of thase
professionals, as well as the Harpers Ferry Center conservator who
examined the painted walls in 1976, was to remove the remaining paint
film from the plaster of the pendentive. It was felt that the
determination of the exact causes of deterioration could not be made in
time to preserve the paint in situ, and the remowal of the painl {ilm was
the only possible way to save L,

In March 1976, Mr. Nitkiewicz tried lo reattach a few square inches of
paint in an area where the paint had lost its adhesion te the plaster.
The treatment was not successful as the paint in the treated area soon
became detached. This was the result of & significant amounl of maisiure
moving through the piasier from the interior of the wall.

In April 1977 the actual removal of the paint film was carried oul by a
conservator, Gloria Fraser Giffords, wusing the strappo method {see
appendix A). The friable paint film was first stabilized with a diluted

solution of a palyvinyl acetate, AYAF. A facing of cheesecloth and
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muslin was then attached to the paint film and removed, taking the film
with it. Because of the extremely friabie nature of the paint, some ioss
occurred both during the initial preparation and the actual removal.
However, the remowval of the film was considered successful and the film
itself is currently stored at the Western Archeclogical and Conservation

Center.

EXISTING CONDITIONS

The owverail existing conditions, which were factors in the complex
deterioration process, are elaborated on in chapter || but are summarized
here to emphasize the conditions that led directly te the detertoration of
the paint film.

The source of the problem was moisture. Moisture migrated through the
dome transporting soluble =alts that recrystallized in the form of
efflorescence and subflorescence, |n the case of efflorescence, the salts
recrystallized on the surface of the plaster, forcing the paint film away
from the wall. In the case of subflorescence, the salts recrystallized in
the plaster, creating pressures that fracture the plaster causing it to
simply fall as it becomes friable. The recrystallized salts also acted
hygroscopically, resulting in more ambient moisture being drawn to the
area of salt concentration. During the time of the accelerated loss of
paint from the northwest pendentive, efflorescence would reappesr In a
small cleaned area in only two or three days.

Another indication that moisture was moving through the dome from
exterior to interiar at that corner was a light yellow-grean discoloration
that appeared in concentric rings on the pendentive. The efflorescence
always formed on the outer edges of the stain. At first it was thought
that the stainh couid be organic, but iater it was determined by proion
induced X-ray emissipn o contain trace amoynts of copper and nickel.
Apparently, the minerals appeared in a spot on the pendentive and
created the stain as moisture moved from within the pendentive to the
surface,
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The haorizantal holes drilled n March 1979 were to a3 depth of 2 feet in
the area of the northwest pendentive from the exieriar. Material samples
were taken and & determination of moisture content was made. Al the
Z-foot depth, lime plaster or mortar was encountered, which was probably
the interior partion of the pendentive where it was set into the adobe
wall. The meisture content was approximately 10 percent at that depth.
This left little doubt that water was percolating down from above and was
migrating to bolh the exterior surface of the adobe wall and the interior

surfaces of the pendentive, dome, and wall.

Conditiens inside the sanctuary were moniiored to determine if there were
causes of deterioration in addition to rainwater moving through the dome.
The elements of the monitoring consisted of (1) recording of relative
humidity and temperature at both the floor and doms levels,
{2) recording of surface temperatures of the dome on the north, south,
east, and  west, {3} recording relative surface moisture, and
{4} recording the amount of afr movement at critical points. Also, the
amount of total solar radiation was monitored on a wvertical plang at the

neorthwest, northeast, and southwest pendentives.

The purpose of recording the reftative humidity was to determine, in
caombrination with the recording of the surface temperatures, whether or
not conditions exist that would lead to condensation of ambient moisture
on the dome or wall surface. At no time was the relative humidity in the
dome ever over 60 percent during the recording period, and the normal
was closer {0 40 percent. A maximum differential between the ambient
temperature in the sanciuary and the surfaces was 5 ito 6 degrees
Fahrenheit. This difference occurred an the north portion of the dome
surface. For condensation to form, & combination of § degree Fabrenheit
temperature differential at approximately 80 percent reiative humidity is
required. At 60 parcent relative humidity the temperature on the surface
would have to be approximately 15 degrees cocler than the afr.
Obviously, the conditions do not exist for condensation to take place on

surfaces unaffected by the hygtoscopic salts of effiorescence.
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A relationship between the relative humidity near the floor of the
sanctuary and up within the dome has been established., At high relative
humidities near the floor in the 60 to B0 percent range, the relative
humidity at the dome willi be between 30 and 45 percent.  When the
sanctuary floor range Is 30 to 45 percent relative humidity, the dome

relative humidity wilf be in the 15 to 30 perceni range.

it is difficult to explain the relationship of the relative humidities near
the dome and the sanctuary floor. A somewhat lower relative humidity
was expected because of ain expected higher temperature in the dome.
Howewver, the higher temperalure was extremely minimal when it existed at
all. But to account for the maximum relative humidity difference, thers
would hawve had to be a temperature difference in the range of 18 degrees
Fahrenheit or 10 degrees Centigrade. Gbviously, the air in the lower
portion of the sanctuary Is not being mixed well with the air in the upper
portion. One reason would be that the air moves from the open sacristy
in through the sanctuary, down the nave, and cut the front door with
little obstruction. Of course, the reverse air movement also occurs. In
either case the air in the dome apparently moves wvery litlie, not being

influenced either by the lower air mowvement,

A slighl temperature difference from the sun side to the shade side on
the interior surface of the dome is related directly to the exaggerated
difference on the exterior surface of the dome. This temperature
difference of mare than 50 degress Fahrenheit or 33 degrees Cenligrade
has been recorded, and a difference of 50 degrees Fahrenheit is quite
comman on the exterior. This difference is the reason for many of the
cracks in the cement stucco that covered the dome. A temperature
difference of as much as 50 degrees Fahrenheit belween the cement stucco
and the original dome had also contributed to the lass of band between
the two. However, the temperature difference on the interior surface of
the dome from one guadrant to ancther is never more than 3 degrees
Cenligrade.
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The relative amounts of surface moisture on the interior of the dome were
measured several times with a surface resistivity meter. However, this
aspect of the monitoring in this particular case contributed little. Those
areas that exhibit the greatest amount of deterioration gave higher
readings, indicating a relatively greater amount of surface maislure.
These areas also have the greatest amount of recrystallized salts on the
surface, which would give a higher reading with the same amount of
moisture as areas that had less surface salis. The surface surveys did
seem to indicate that soma areas that had deteriorated greatly in the past
had become somewhatl stabilized with little indications of any surface
moisture.

The movement of &ir in and just below the wvolume defined by the dome
appears o be minimal. ©On several different occasions the amount of air
moving near the northwest corner was measured and compared toc the
mawvement of air through the sacristy door and along the nave wall. At
no time was the movement in the dome greater than 1 mile per hour, and
an average over a period of several hours would be significantly less than
that. Owver the same period of Uime the air movement through the
sacristy door would average 3 miles per hour, and on occasion, would be
more than 4 miles per hour. The movement in the nave could average
approximately 1 to 1% miles per hour.

rrom the slandpeoint ol conserwvation, the more stable conditions in the
upper portions of the dome are preferable. 1L would probably be
undesirable to increase the air movemenl in this area, and in fact, it may
be desirable to decrease the movement of air through the lower portion as
well. Air moving through lhe sanctuary had deposited a large amount of
soil particles over lhe past 30 years and will continue to do so. Closing
off the access of exterior air would certainly minimize the amount of

particles deposited in the dome area, but minimal air movement may be
desirable.

The area on the exterior above the northwest pendentive at the base of

the dome was examined in an attempt to determine where Lhe moisture wag
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entering. Approximately 2 square feet of cement stuccs were removed
from the lower portion of the dome down to its juncture with the flat
exierior, This stucco had pulled away from the originai surface and was
easy to remowve without any damage to the original material.

When the stucco was removed a2t the base of the dome, a watermark was
apparent approximately 3 inches above the flat surface. The material in
this location also appeared to be wetter Lhan the material above. As more
material was removed, it became more cbvious that waler was getting in
behind the cement stucco following the exterior surface of the dome down

to the horizental platfoerm and then seeping down inte the masonry base.

All the cement stucco on both the exterior of the dome and the horizontal
portion of the base of the dome was removed in the summer of 1879. The
exterior of the dome was in excellent condition. However, when a portion
of a deteriorated plaster and brick batt covering was removed from the
horizontal base, the source of the mpisture problem was revealed. AS
seen in illustration 13, the original construction technigue consisted of
filing the space between the base of the dome and the upper exterior
walls of the sanctuary on all four sides with loose earth and cobbles. At
the time it was uncovered, the moislure content of the fill material was 20
to 25 percent by weight. There were significant cracks in lhe covering
material, which allowed moisture penetration from abowve which probably
kept the earth fill consistently damp throughout the year. The cement
stucco material with its painled surface allowed little, if any, upward
moisture loss through ewaporation. Consequently, the most logical path
that the moislure could follow was to the interior of the dome. The
corrective procedures consisted of removing the §ill, replacing it with
low-fired bricks in an extremely dry lime mortar, and replastering the
surface with a lime plaster. The mixture was 5 parts of lime to T part
sand by volume with a small amount of clay added for workability. A lime
whitewash was then applied over the plaster. A small amount of maisture
continued to mave through to the interior surface for another few months
as was evidenced by the siow buildup of effiorescence in a previously

cleaned spol. Howewver, by January 1980, wvisible efflorescence no loenger
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appeared in the cleaned spots. The buildup of efflorescence immediately
after the repair of the exterior was most probably the result of moisture
that remained in the dome bricks themselves, continuing to move to the
interior.

In September 1379 a conservation ewvaluation of the conditions in the
sancluary was undertaken by Gloria Gifferds and Martin Weaver {see
Appendix B for their repori). Rather than reaching conclusions and
proposing  specific  treatments, the report basically outlined further

analytical steps to determine the conditions that led to the decay.

The areas of deteripration were remapped to compare them with previous
conditions. A comparison of relative surface moisture conditions indicates
little real change, although only small amounts of efflorescence had
reformed in areas that had been cleaned, The conclusion was that while
moisture was no longer gaining access to the interior through the dome, a
minimal amount of meisture in the materizl that had not evaporated
continued to mowve to the interior surface. The hygroscopic nature of the
salts of efflorescence were mainly responsibie for the amount of surface

moisture that still existed.

Samples of efflorescence were also collected at this time, and the results
of the spot tests for anionic salts are listed in appendix C. The samples
were collected o represent wvarious conditions and wvarious locations in
order to gain & better understanding of the distribution and effects of
the wvarious salts.  While most of the anijonic salis were carbonates and
sulfates, a significant amount of nitrates were also present. Chlorides
were also present in a small percentage of the sample tests. The present
amounts of the carbonates and sulfates were anticipated because of the
kasic components of the plaster and wash of [ime {calcium carbanate) and
gypsum {calcium sulphate}. The presence of nitrates at this location in a
building would normally have been somewhat upusual, but in this case,
the earth fill used during the original construction contained some
nitrates as well.
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There did not appear to be any abvicus relationship of the anionic salts
to type and significance of decay, to the yellow stain, or to samples thal
flupresced and samples that did not under ultraviotet light. The
fluorescing and nonflucrescing salts in this case appear to be mare
related to the irregularities in lhe mass-void relationship of the salt to
the plaster ground. This phenomanon has atso been noted by olhers (de
la Rie 1982}.

During the course of the evaluation by Ms. Giffords and Mr. Weaver, a
potential effect on the capiliary movement of moisture through the adobe
building material was suggested by Mr. Weaver. The suggestion was also
incorporaled into this report {(see Appendix B). It is based on the fact
that an electricai current flowing in the opposite direction of capillary
moisture movement will increase the force of the capiflary suction. The
electrical current can be produced by an external power supply or
internally in the wall by the chemical reaction of warious minerals
dissolved in the wall moisture. The existence of this current will be
reflected in an electrical potential difference measured in  wvoits.
Consequently, if a woltage can be measured from one part of a2 wafl to

another, then z curveni exists.

In an attempt to wverify this condition, contacts were driven into the
interior surface of the west wall of the sanctuary at various elevations.
Leads from a digita!l multimeter were attached to wvarious combinations of
these contacts with the electrical potential difference indicated in
millivolts. These readings wvaried between 1 and 7> millivells depending
on [he contacts used and the time the connections were made. The
higher wvoltage readings, if reflecting an elecirical current flowing from
the upper ta the lower portions of the wall, would probabiy cause any
moisture present to rise higher in the wall.

However, a real guestion exists whether or not the wvoltage indicates an
actual difference. 1L is extremely difficuit io eliminate all the additional
wvariables that can affect a woltage reading on the multimeter. Stray

electromagnetlic radiation will have some effect as will slight warialions in

74



the contacts themselves. These can e=asily cause a difference of several
millivelts.  These, of course, are complelely unrelated o any actual
potential dilfferences between different parts of the wall, Alsa, the
readings often had different signs with no apparent reason for the
difference. These sign changes could result from the extraneous
variables as well. If, however, Lhe readings did reflect an actual
condition, the sign differences probably represent a complex comhination
of electrical polentials that are distributed throughout the wall with small
amounts of curreni flowing in aif different directions. This condition is
one that could be expected, and the owverall effect on wvertical capillary
movement would be negligible. While some of the current would cause the
maisture ta rise, other current would cause the water to fall.

Ancther important consideration is that capillary moisture in the adobe
walls at Tumacacori, when not affecled by the presence of exterior
cealing, never existed higher than apptroximately 1 meler above grade.
The amount of rise measured here s consistent with the findings of
olhers (Torraca 1981, 973.

The rise of capillary moislure to extreme heights in adobe walls is an
interesting theory but neothing more. The most important fact is that the
source of the moisture migrating through the walls prior to the dome
repair was cobvious. Water penetrated through the cracks in the cement
stucce into the earth fill and then migrated to the interior surface of the
dome.

Ms, Giffords and Mr. Weaver also mapped the entire sanctuary wall for
lhe relative inlegrity of the bonding between the lime plaster and the wall
and dome surfaces. The technigue was to tap the pfaster and record a
hollow scund as a lack of bonding. This is an acceptable technique.
Howewver, one should be aware that a small area of the plaster could have
pulied away from Lhe wall and sound hollow when tapped bul still be
effectively attached to the wall by plaster keys. Alsa, different
thicknesses of even new plaster will sound quite different when tapped
even if both are attached completely.
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Solvents were also used in an attempi to remove the 1949 PVA consolidant
with inconclusive results. Solubie nylon was tested as a just above the
cornice on the west side of the dome, but the results or the specifics of

the testing were not recorded in thetr report,

CONSERVATION TREATMENT AMALYSIS

The specific problems of flaking paint and gypsum wash and of stained,
friable, missing, and poorly attached plaster had been identified prior to
the arrival of painting conservator Paul Schwartzbaum of the International
Center for the Conservation and Restoration of Cultural Properties
{(iCCRCM) at Tumacacori. Scaffolding bad been set up in the sanctuaty
because the most significant plaster and paint were there and because all
the problems 1hat existed eisewhere in the church were represented in
the sanctuary as well. {n consuitation with Mr. Schwartzbaum, some
conservation malerials that were to be used for testing of wvarious
treatments bad beern purchased pricr to his arrival, and he ailsg brought

other materials with him.

The warious treatments weres tested primarily on the west side of the
interipr surface of the dome. Several cleaning technigues were also
tested in the sacristy, on a lower wall in the sanctuary, and on the
intrados of the arch at the south entrance to the church. This section
describes those treatments in detail and analyzes their effectiveness. The
specific treatmenis tested were for (1) gypsum wash reattachment, (2}
cleaning, (2) plaster conseclidation, (4) reconstruction of missing plaster,
and {5} the reattachment of the plaster toc the structural material on to
which it was originally applied.

Gypsum Wash Reattachment

The condition of the flaking gypsum wash was evaluated along the west
side of the dome. As described earlier, moisture through the dome at
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this location has been some of the most disruptive, resulting in extensive
loss. Testing began within this general area as a small 5-inch by 7-inch
{12.7 cm by 17.8 cm) portion of gypsum wash was realtached to the dome
surface in its original plane. The technigque incorporated the use of a

long fiber Japanese tissue and waler.

The tissue was used primarily to protect the gypsum during the
subsequent conservation work. ft also served as a wvehicle, as moisture
was actually absorbed from a sqft, natural brislle brush and the friable
wash then absorbad the water from the tissue. Care had to be exercised
in applying water at a trate that the wash could easily absorb; water
applied too rapidly could displace the fragile wash. As the wash
absorbed the water it became pliable, and a light siroking with the brush
en the protective tissue would press the wash back in place an the
plaster. Additional pressure was then consistently and carefully applied

to the wash through the lissue to secure M back onic the wall plane.

Cne hour later the tissue was removed. The gypsum wash remained in
direct contact with the plaster ground and the efflorescence was no
longer  wisibly present. Previously loose fiakes were secured on the
plaster, and some of the vellow stain that exists had migrated to the edge
of the wetied area; some of the stain was also removed with the tissue.

The following day the area was reevaluated with no apparent change from
the condition immediately after the removal of the tissue. Salis had not
reformed on the surface as may have heen anticipated, and the wash
remained intact and in place.

The nexl step was to expand the area to incorporate the full range of
conditions associated with the detertoration of the gypsum wash. This
larger area included examples of areas previously itreated by Steen in
1948 with BVYA. The PVA existed on the surface of the final gvpsum
wash in some areas, on wunderlaying layers in others, and hanging
net-like from the plaster surface in still others. Also included were areas

of heavy efflorescence, areas where the gypsum wash had naol become
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detached, and areas where the ground plaster had eroded beneath the
wash, |eaving the wash freestanding and insecure. The water and tissue
ireaimenlt was carried oul during the next two days owver this expanded
area ant the west side of the dome. The lotal area was 41 inches by 24
inches or 104 cm by &1 cm. The results were simitar to that of the

smaller area evaluated initially.

As the water was applied to the tissue, the efflorescing salts went into
solution guickly. Most of the gypsum wash became pliable with water and
was easily returned to the plane of the dome plaster. Very little of the
wash remained brittle during the wetting and reforming procedure. Some
small amounts of the wash that did remain britlle were removed zlong with
the facing tissue. Some grains of sand and small plaster fragments in
areas where the wash was completely missing and where the plaster
ground was [riable were also removed with the tissue. Upon drying,
small areas of the treated wash appeared to cleave again from the plaster
by the following day and additional water and tissue treatments were
necessary .

The entire area was evaluated on Friday, and conditions seemed to remain
the same as when the tissue was just removed., Efflorescence was slill
hot wisible on the surface, and no additional wash had become detached.
An additional evaluation of the surface in October 1981 again showed no
visible change,

Sdrface Cleaning

Surface cleaning of dust from the nawve walls was undertaken in January
1880 and again in November 1280. Al those times, many other stains
were identified and recorded for further evaiuation.

The walls and ceiling of the sacrisly were signmificantly disfigured by

smoke stain. Discaloration from unknown sources is noticeabls on large
portions of the nave and sacristy walls.  Possibly micro-organic activily
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and airborne particies attracted to the surface contributed to stains
visible on the scuth side of the dome. Graffiti, primarily graphile,

covers large areas of all interior surfaces,

Both wet and dry methods of surface cleaning were investigated by Mr.
Schwartzbaum. Wet cleaning with ammonium carbonate was evaluated in
several different areas in the sacristy, the sanciuary, and ihe intrados of

the main doorway.

The first area was located on the south jamb of the doorway leading from
the sanctuary to the sacristy. Both smoke stain and graphite were
presenl. Japanese lissue was applted with water, then a paper pulp
poultice of ammonium carbonate and salvent mixture was applied to the
fower half, and a poultice of ammonium carbonate alone was applied to the
upper hzlf of the tissue. The solvent was added to determine if i would
prove heneficial in the removal of any surface grease. The tissue and
bath poultices were removed after 50 minutes. A salurated soclution of
ammonium carbonate was immediately brushed onto the area in a circular
motion to thoroughly loosen all the dirt, which was then blotted with a
cotton ball.  Cottan balls maistened with water were gently blotled onto
the surface several times until no dirl was visibly removed and the cotton
remained cilean. Ailthough both poultices ware effective, it was felt thal
the solitary ammonium carbonate poultice more completely removed the
embedded soot and graphite.

A second lest area on the sacristy side of this same doorway was also
successfully cleaned with an ammonium carbonate poultice during the same
50 minutes. Following this, another tesl was undertaken using ammonium
carponate, but this time the poultice was left in place far anly 15
minutas.

On  evaluation it appearad that too much blotting with the cotion was

necessary. To eliminate the danger of surface abrasion, it was felt that
the >0-minute duration was highly preferable.

73



Al of these tesls were conducted to evaluate the effectiveness of the
ammonium carbonate on a gypsum wash surface.  The next step was 1o
evaluate the effectiveness of this cleaning method on other surfaces, such
as those that had been painted with an agueous solution of mineral

pigments.

The same cleaning pracedures as previously detailed were used on a smafl
area approximately 2 inches by 3 inches (5 cm by 7.6 cm} along the
remains of the black painted dadc in the southwest corner of the
sanctuary. Upon lightly blotting the area after the removal of the tissue
and poultice, H became obvious that the pigment itself was being affected
and the treatment was stopped.

another test was undertaken an the intrades of the entrance doorway
arch. Although the treatment did not affect the pigmented orange
painted surface as much as it affected the black dado, some of the frar

oxide pigment particles weres dispiaced.

small areas on the dome and on the main sanctuary cornice ware also
tested 0 determine the effectiveness of ammenium carbonate. The
specific area on the dame was the dark brown area on the south side.
The poultice cleaning easily remowved the brown stain rewealing the
original pale blue paint beneath. A small area on the top horizontal
surface of the cornice was also successfully cleaned using the ammonium
carbonate poultice method.

Dry cleaning with a soft bristled brush was also lried, but the results
were not as promising. The primary application to this cleaning method
was io be limited areas when the paint pigment is adversely affected by
the wet method.
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Surface Consclidation

Closely related to the reattachment of the gypsum wash was the evaluation
af three surface consclidation fechniques: the use of ammonium carbonate
and barium hydroxide; the use of barium hydroxide alone; and the use of

Acryloid B-72, an ethy| methacrylata-methyl acryiate copolymer,

The ammonium carbonate/barium hydroxide 1lreatment was located on a
portion of the west dome surface prewviously reformed with waler and
tissue. The actual test area was 4-3/4 inches by 6 inches (12.71 ¢m by 15
cm). Jdapanese lissue was {irst applied to the surface with water, and
then a paper pulp poultice saturated with barium hydroxide was left in
place far six hours. The straight barium hydroxide treatment was done
at the same time.

The treatment and the basic concepts have been described adegquately by
Edward Sayre (1973). Basically, the ammonium carbonate combines with
calcium sulfate {gypsum) to form calcium carbonate and ammonium sulfate,
a highly soluble salt.  Bariom hydreoxide is then added, combining with
the ammanium sulfate to form barium sulfate, which is extremely stable.
The use of barium hydroxide has besn used as a consclidant since the
mid-19th century, although the details of the methods and materials of
treatrient continue to be inwvestigated. This specific treatment was
apparently developed by Enzo Ferroni, an ltalian chemist in 19687 {Tintari
1973).

After six hours the barium hydroxide puip was removed along with the
tissue, which again was serving as z protective layer between the actual
wall surface and the paper pulp. The effectiveness of the treatment
could be evsluated by wetting the trested as well as the adjoining
untreated surface and then noting the difference in the absorption of the
moisture. The effectivensss could also be judged by visual observation of
flakes of gypsum wash that had remained brittle and detached from the

plaster ground prior to the consclidation treatment.
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The evaluations indicated that while the treatment seemed to have had
some effect, it was limited, precbably being hampered by the existence of

a substantial amount of the polyvinyl acetate applied by Steen.

The second treatment using barium hydroxide alone was conducted exactly
as the second step of the treatment using ammonium carbonate and barium
hydroxide described abowve. The treatment area was 3-3/4 inches by 6
inches (9.6 cm by 15 cm). The barium hydroxide pulp and tissue were
alse removed after six hours and the treated area evaiuated. The results
were simflar to those of the ammenium  carbonate/barium  hydroxide
treatment. Again, there appeared to be some consolidation, but the
treatment was [imited in its affectiveness.

The third treatment, using Acryleid B-72, covered an area 4-5/8 inches
by 5-3/8 inches {11.8 cm by 13.7 cm). The solution used was
approximately 4 percent solids, in a good grade lacquer thinner. The
B-72 was applied in two thin coats, the second applied immediately after
the first, diractly onto the surface. The post-treatment evaluation
indicated that the B-72 treatment was more effective in conscolidating the

surface than efther of the previous two breatments.

It should be noted that one test of the effectiveness of the wvarious
consolidation  treatments was to compare the water absorption of the
treated with an untreated porticn. In each case, meisture was not
absorbed as readily on the treated surface, indicating the reduction of
effective pore size and effective permeability of the material. In ne case
was the surface sealed completely since the moisture was absarbed,
although at a slower rate Lhan the untrealed material. But even reducing
the permeability slightly could be undesirable if significant amounts of
moisiure were stilf moving through the dome to evaparate on the interior
surface. Far a further look al the use of Acryloid B-7VZ2 on Tumacacaori
plaster, see appendix b.
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Reconslruction of Plaster Edge

Acryloid B-72 was alsa used along a plaster edge n this same area lo
reattach some gypsum wash where the plaster ground had totally
dizsintegrated behind iL.

The first step was to give suppert to the extremely lopse and friable
wash prior to any attempt at working with it. This was done by gently
facing the insecure area with Japanese Lissue and attaching it with the
B-72. Once this was completed, there was no danger of loosening any
additicnal wash while working on the edge.

The next step was to reconstruct the missing plaster ground. It was
necessary 1o first remocve the old loose and crumbiling plaster up to a
deplh of 2 cm. A fat lime putty, calcium hydroxide that had been slaked
gn-site for approximately two years was combined with a fine sand at a
lime-sand ratio of approximately 1:4 by wolume. The edge was built up
only i areas necessary to support the laose wash and bewveled down to
the surface of the original plaster at an angle of approximately &0
degrees. |n some cases it was only necessary to reconstruct the plaster
1o & depth of less than 1 cm. However, in one case the depth of the
reconstruction was approximately 3.5 cm. This was built up in two
successive layers with the final finish work completed as the very last
step.

The new plaster was allewed tc set approximately 24 hours, and while it
was hard te the touch, it had certainly not cured. With the new
support, the tissue-faced gypsum wash was then simply brought down
ente the new surface plane and attached to it with Acryleid B-72. The
tissue was removed at the same time with an appropriate solvent, and the
final bewveled plaster edge finished. In one case it was necessary to
inject a PVA emulsion behind the largest piece of flaking wash in order to
atiach it 1o the new plaster.
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This new plaster was ewvaluated during the October inspection. The
gypsum wash was still well attached and there was no cracking aor
separation between the new plaster and the original. Alsa, readings from
a conductivity meter indicated that no surface moisture was piresent.
This is addilienal evidernice that moisture is no longer moving from the

axtericr through the dome to the interior surface.

Plaster Reattachment

The probiem of finding a solution for plaster that has become detached
from an wunderlying plaster coat or from the supporting adcbes or brick

surfaces has long been a major concern.

Previous estimations of the amount of unbonded plaster have been high,
primarily based on hollow sounding responses when tapped. However,
this evaluation technique is not entirely satisfactory because, as has been
pointed out, effective bonding keys often exist although the plaster is not
attached on the face of the adobes or bricks. The actual areas in need
of treatment were not extensive, but where the problem exists, it was a

critical one.

ne spot of bulging plaster on the sputh side of the dome surface was
chosen for treatment evaluation. In this particular case, the final pilaster
coat had pulled away from an underlying coal. Also, a portion of the
plaster had become Friable and spalled off. Cheesecloth was first
attached to the area to be treated with a PVA emulsion o secure |t
during the treatment. Water was injected behind the detached |ayer of
plaster followed immediately with an injection of the PVA emulsion.
Precsure was applied Lo the surfzce during and after the injection to
enable the PVA adhesive to take effect. Presses were placed on the area
and hald there for approximately 20 hours. The presses were then
removed, and the portion of the plaster that had been held in contact
with the underlying plaster appeared to be attached firmly. However,
the portion that had not been held in contact was still detached. In this
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latter case, a sufficient amount of the underlying plaster was missing
prior 1o the treatment, and it would hawve been necessary o rebuild the
plaster up te its original surface plan to allow an adequate bonding
surface or support. {n this case it will probably be necessary to remove
the bulging layer eventually, rebuild the underlying plaster, and then

reattach the remaved plaster layer.

The cheesecloth that was applied as the First step in the reattachment
attempt was left in place to remain until the underiying plaster can be

rebuilt.

A proposal for the actual treatment was based on the preliminary testing
and the success of the treatments after severat months of continued
observation. Several ways to undertake and complete the work were

investigated, all based primarily on the direct involvement of [CCROM.

1982 CONSERVATION WORK

In addition to this author the conservation work was undertzken by a
team of six NPS employees and three mural painting conserwvators:

Paul Schwartzbaum, Chief Painting Restorer, JCCROM

Carle Giantomassi, Painting Conservator, |CCROM

Conatella Zari, Painting Conservator, ICCROM

Greg Byrne, Conservator, Harpers Ferry Ceéenter

Taby Raphael, Conserwvator, Harpers Ferry Center

Allen Bohnart, Curator, Mesa Verde MNational Park

Carole Perrault, Architectural Conservator, North Atlantic Regional
Office

Efizabeth Santos, Historical Architect, Denver Service Center

Brigid Sullivan, Conserwvator, Western Archeaeological Center

The goal for the project was to fill voids, reattach Ipgse paint, reattach
plaster, and clean the wall surfaces of the sanctuary. It was also hoped
that plaster in the nawve and the north exterior sanctuary wall could also
be reattached and consolidated as necessary and that the nave plaster
could be clearned. The work outside the sanctuary was not completled.

85



The work in the sanctuary was completed o a point immediately below the
window siills except for treatment of the wooden lintels of the west
window,. The poor condition of this jintel was not known until treaiment
was undertaken on the adjacent painted plaster. Work began on the
painted plaster altached to the intrados of the main entrance arch. The
adobe onlo which the plaster was attached was Tirst consolidated with
PVA, and then the plaster was attached to the adobe and small wvoids
fitted with the same PYA. There was a wvery hard insocluble putty-like
maierial along the edges of the plaster, and not only was it visually
intrusive, but the material was also much stronger than the plaster, and
in some cases, was calusing fractures in it. Some of this material was

remaved, but some remains.

A portion of one pf the original canaies on the exterior of the north
sanctuary wall was temporarily stabilized with a lime mortar. This was
not a permanent solution and was undertaken simply to prevent water
from running behind the plasler during rainhsforms. Some of the
remaining original north wall plaster was also in need of conservation
work, probably reattachment, but a temporary solution, which was o be
completed by the Tumacacori mainlenance s{aff, was not undertaken

before the plaster fall.

The specific items of conserwvation work in the sancluary varied somewhat
from that which was proposed and anticipaled. The main difference was
thal the overall cleaning of the surface was not necessary. Specific areas
were cleaned with ammonium carbonate, primarily on the south portion of
the dome. The dark stain in this area was extremely difficult to remove,

and it reguired approximately eight days lo complete.

FVA was used more extensively than anticipated. Several larger areas of
hollow sounding plaster north of the west sanctuary window weres
reattached with about 150 cubic centimeters of PVA, WMore PVA was also

used on the north sancluary wall immediately above the retablo niche.
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Although some acrylic resins were used in addition to the polyviny! resins
as consolidants and adhesives, Lhe majorily of the work was completad
using unamended Ilime plaster, plain water, and tissue. This basically
conservative approach to resolving the conservation problems was the
principal consideration throughout the project.

Visual comparisons provide the best information aboul the exient of the
work and its owverafll effect. Illustrations 16 and 17 show a before and
after treatment comparison of the lower portion aof the west surface of the
dome. lllustrations 18 and 19 show the condition of the painted volute on
the upper portion of the painted retabloc on the north wall in 1976, in
1982 prior to treatment, and after treatment. The last comparison
{illustrations 20 and 21) shows Lhe entire dome area before and after
treatment.

The stabilization of friable plaster edges, the infilling of large cracks and
holes, and the reattachment of a loose friable paint film resulted in two
beneficial effects. Orne effect is a wisual consistency that allows for a
greater appreciation of the remaining origina! paint and plaster, The
cther effect is a material soundness that will ensure the continued
existence of the original fabric into the future.

The success of the conservation work was dependent, lo a large exlent,
on the specific conditions at Tumacacori and the effectiveness of specific
technigques that bhad been developed elsewhere. However, anather
important reason for the success was the skills of the conservators from
ICCROM and the dedication and hard work by NPS conservators. As the
work prodressed, the employees began 1o develop skills and a great deal
of sensitivity, which made the work proceed more quickly and produced
belter results than when they first began.
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16. South side of the sancluary deme before treatment, 1981,



17. South side of the sanctuary dome after treatment, 19682,



18, Painted volute on the sanctuary’s narth wall before treatment, June 1982,
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18, Painicd velute on the sanctuary’s north wall after treatment, August 1982,
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Froposal for Future Conservation Treatment

The proposal for the remaining conservation work is based on the results
of the imitial testing and the success of the inftial conservation work.
Another tmportant aspect of lhe progosal is that if the remaining work
can be undertaken in a timely manner, many of the same participants will
tikely be awvailable, thus saving the cost of training new people. The
comperents of the proposed canservalion work are generally the same as
outlined at the beginning of the conservation project except that (i)
most, if not all, of the reattachment aof the friable paint Film with water
and tissue paper has been completed; and (2) epoxy wooad lintel
consclidatiorn has been added in the sancluary.

The general components of the remaining conservation work are listed
beiow: (1) consolidate and reattach paint and plaster, ({2} clean plaster
surfaces as appropriale, {3) reconstruct missing plasier as appropriate,

annd {4} replace cement bead n lower plaster edge,

The extent of the remalning plaster consolidation work on the lower
sanctuary walls, In the sacristy, and In the nave is limited. & much
more critical situalion exists with the original pfaster on the exterior

north and south walls of the church.

The reconstruction of missing plaster will alse be less extensive than was
necessary during the summer of 1982, but some is needed om the original
plaster in specific locations on both the interior and exterior of the
buitding.

The replacement of the cemenl bead along the |pwer edge of all ariginal
fnterior plaster was alse planned far the summer of 1982, but It was nat

begun.

The remaining conservation work is listed bere in aorder of priority.
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Complete sanctuary work including the critical wood lintel
consolidalion treatment.

Consolidate original exterior plaster on the north sanctuary wall and
lhe south facade.

Reattach delaminated pfaster and repair edges and fill holes in the
important original painted plaster existing o©on the intrades, or
underside of the main arched doarway opening.

Censolidate plaster where necessary and reattach to the adobe walis.

Replace cemeni bead on the fower edges of original plaster in
sacristy and nave.

Clean walis where necessary.

Appendix G contains a forther explanation of this work and a 1982 cost
estimate.
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CHAPTER Wi: MOISTURE CONDITIONS AND THEIR EFFECTS

GENERAL CONCERNS

The areas in the church that appear to have heen affected by capillary
moisture occur all along the east nave wall, north of the bell tower, a
small spot on the south wall of the sacristy, the south end of the west
mnave wall, and possibly one other spot farther rorth along the west nave

wall.

Monitering of the resource based on a cause-effect refationship was
continuous in varying degrees during the life of the project. Initially the
monitering consisted of simplified methods such as & mechanically operated
siing psychrometer, visual observations, and material sampling. Later the
monitoring  became more comprehsnsive, uwsing hygrothermographs, &
recarding weather station, moisture sensors, crack propagation gauges,
conductivity meters, surface thermometers, and more specific information
on the actual performance of adobe materials with the visual obserwvations

and sampling program.

Subtle changes in the cause-effect relationship indicated by data from the
monitoring program provided & much clearer picture of the actual
migration of moisture through the buiiding fabric. Most of the intrusion

of moisture into the structures was from capillary action.

The initfial testing directed to determining the source of the moisture that
was wvisible along the tower portion of the east nave wall of the church
consisted of taking material samples along the upper several feet of wall
bolh before and after the roof and exterior upper walls had been
subjected to water (NP5 1976). The results of this testing indicated
that, except in the area of the third canale from the south on the west
church wall, water was not penetrating down from Lthe top of the walls.
while the moisture content near this canale was nat excessively high, 4 to
5 percent by weight compared to 1 to 2 percent of other samples, the
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higher reading did indicate ai least that water had probably entered the
wall via a leaking drain box sometime in the past. Samples taken after
rains and artificial flooding showed no significant change in this area,
orobably  indicating that the leak, if still active, was slight. A
significant amount of deterioration of the exterior cement stucco in the
area was visible, causing concern that even a small amount of moisture
might be building up behind the stucco and not being removed from the

wall by evaporative processes,

it was obvious that while water had previousty penetrated the roof or
parapet, with the one exception mentioned abowve, it was not doing so at
the time aof the initial sampling. Several voids detected in the interior of
the walls and areas on the interior wall surfaces where water had washed

down was ample proof of the previous penetration.

During the removal of the palyurethane foam that had been placed over
the nave raof in 1974, several holes were inadvertently punched through
the built-up roofing, particufarly at the juncture of the roof and the
parapet. Consequently, some water leaked down from the roof through
the intericr brick cornice and van down the interior face of the wall.
Even then, the amount of moisture that reached the interior of the walls
appeared slighl and only in a relatively few areas. The nave roof was
patched In August 1577, and water no longer was wisible on the interior

wall surfaces. The entire roof was replaced in 1920.

SUBSURFACE CONDITIONS

In Qctober 1977, a contract was let with a spils engineering firm to
conduct a subsurface investigation to determine the capillary moisture
source. The borings were located in a2 traverse perpendicular to the main
axis of the church. Each boring, with one exception, extended to the
water table, and selected samples were taken to determine properties such
as moisture content, particle size, liquid and plastic limits, and amount
and type of soluble salts. Perforated PYC pipe was placed in holes 3 and
£ so that the water table could be monitored continuously.
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The results of the investigation indicated that in holes 4, 6, and 7 a
somewhat different situation existed than in the others. In all borings,
except hole 1, where the boring was terminated at 20 feet because of
difficult dritting, the water table was reached between 23 and £7 feet,
The noarmal occurrence of alternating layers of cobbles and hard pack
wodld seem to preclude the possibility of water at approximately 25 feet
as being the capillary moisture source. Subsequent ewvaluation of the
material has indicated that, in fact, it is impossible for this to be the
source. However, 3 sgmewhal higher moisture content was noted between
the surface and 10 feet in the hotes located off the southwest corner of
the church {hole 4) and the east of Lhe church {holes 6 and 7). The
maximum ameunt of moisture of 10 percent in these locations was not high

enough to serve as a capillary source at the time of the investigation.

For the malerial in or on which the walls rest to serve as a source for
capillary action, there bhas to be free water available (Vos 1973). Free
maisture will occur when the force of gravity pulls meisture through the
material, narmally at less than an actual saturated condition because a
substantia! amount of air pockets will still remain in the welted material.
Depending on the specific material, this could occur when the actual
moisture content (s as low as 15 percent.

Tha gathering of data on soil moisture conditions in the two critical areas
identified by the subsurface inwvestigation continued. The information
that follows provides a piclure of abnormal moisture contents periodically
reaching extreme levels.

Sampie

Lacation Depth % H.,0 Dale
A 1 11.0 P2/01/76
A 2.5 2.0 12/01/76
E 1.7 6.8 12/01/76
5] 2.5 £.3 12/00 /76
C 2.3 7.2 12/02/76
c 3.5 6.6 12/02/76
3] 2.5 10.2 12/02/76
D 2.5 0.0 120276
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E 0.3 2.8 11/20/76
£ 0.6' below PVC 9.9 Q1/20/77
F 2.3 11.2 01720777
F 2.8 10.2 01720777
F 3.4 10. 3 01/20/%7
G 2.3 5.7 er/207,81
G 3.3 6.5 01/20/77
H 2.3 8.1 0/20/77
H 2.3 7.7 81,/20777
I a.8 g.2 G5/26/77
J 0.8 8.6 Qs/26/77
K 0.8 1.5 05/26/77
L 1.0 13.6 O7/19/77
L 2.5 12.4 07/19/77
M 0.5 10.38 10/19/77
M z.0 13.64 10/19/77
i 2.0 9,05 10/19/77
M 0.3 9, 7% 10/19/77
[ 2.0 165,13 1099777
M 3. 22.0 10/15,/77
O 0.5 9,03 1018777
O 2.0 14.82 10/19/77
O 3.0 14.74 16/19/77
P 0.5 9.97 10/19/77
P 2.0 i13.4% 10/19/77
P 3.0 10.31 10/19/77

At the time of the subsurface investigation, Doug McCallough, chief of
maintenance at Tumacacori, pointed out several spots in the area of the
convento patio that appeared to be wet {illusteration 22). A continuous
monitoring of these spois indicated they remained dark, ar stained, and
at relatively high moisture contents throughout the year. On May 26,
1877, after a period of two months without rain, the maoisture content by
weight of the soil only 1 inch below the ground surface in two of these
dark spols was 8.6 percent and 6.2 percent. A nonsiained area used as

8 control cantained 1.5 percent maisture,

The darkest areas were approximately 40 feet east of the east nave wall
of Llhe church, just to the west of the paved walk, southeast of tha
granary, and just east of the concrete block foundations that mark the
apparent foundaticns of an earlier Jesuit chursh. The architecionic
quality of these stained spols seems to indicate some direct relationship to
subsurface architectural remains. The one area that extends parallel lo
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the church is near the foundations of the originai conwvento arcade. AfsQ,
the dark spot just south of the Jesuit church foundation formed a perfect
right angle being approximately 2 feet wide, the normal single wall
thickness. However, when compared with an archeclogical map of this
same area, this particular feature was not indicated.

These dark spots contain a much higher salt content than the
surrounding soil, and it seems possible that the spois themselves were
the resuits of salt being lzached out of subsurface architectural features
and migrating to the surface of the ground. There existed, however, a
relationship between portions of buildings affected by capiliary moisture,
the abnormal subsurface condition southwest and east of the church, and
these dark stzined areas. A relationship that did not exist in other areas
of abundant subsurface remains. Consequently, while the stained areas
probably did relate to subsurface features, an abnormal amount of
subsurface moisture affected them, causing them te show up in this area.
in additicn, this same abnorma! subsurface meisture condition probably
cantributed to the capillary meisture of the buliding abowveground.

Several professionals with |landform backgrounds were consulled regarding
the possibility that an ancient drainage system had been located
diagonally across the monument grounds. They acknowledged the
possibility given the general drainage conditions in this part of the Santa
Cruz River Valley (Winkler pers. com. 1976).

Evidence that the church complex is in & natural drainage area is
supported by historic pericd as well as 20th century evidence. The
extensions to the lower part of the walls along the west side of the
church and campo sante walls were not part of the originat construction
but rather a historic response to a basal erosion problem. 5Since this
historic period addition occurs only on the upstream side of the
structures, the basal erosion that resulted in the addition was probably
¢aused by floodwater. Photographs taken ca. 1940 show an extensive
amount of flood debris deposited along the west boundary wall--additional
evidence that this area is part of a natural drainage system.
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At the present time, there Is no concern Tor fiood damage betause
adequate drainage was provided during the highway work in the 1960s.
Howewver, there is litile doubt that Tumacacori National Monument is in an
area in which a subsurface capiliary maisture source could be continually

recharged by rain falling in the drainage area.

Ancther possible explanation of the capillary moisture source Ts that the
material of higher molsture content in bore holes 4, 6, and ¥ also
cantained a significantly greater amount of salt than material in the other
barings. These salts could have acted hygroscoplcally, atiracting
meisture during periods of rainfall and holding it.

The capillary maisture in the church was greatly influenced by the
ccatings and wveneers attached to the exteriocr and interior walls. The
removal of these reiatively impervious membranes relegated the capillary
problem to one of minor importance which is being nandled by routine

malntenance.

Wall MOISTURE CONDITIONS

The determination of the Iocation and extent of significant amounts of
moisture in the walls was recognized as one of the primary questions
garly in the preservation profect. Early work by Danfei Evans of the
University of Arizona indicated some areas of extremely high contents,
but no systematic maonitoring of wall moisture conditions had ever been
undertaken (Ewvans 1972},

Most of the stabilization projects undertaken in the pasl at Tumacacori
were direct responses io obwvious molsture problems.  As later information
began to indicate, the action that resulted in the most deleteripus effects
was the continued cowvering of the exterior and some of the interior walis
with relatively impervious coatings and vensers. Frank Pinkley began
this type of action in the 1920s and continued it periodically until 1973
when soil cement acdobes were used as replacements for some eroded

adobes along wvarigus portions of the east and west nave walls.
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From the oulset it was essential to determine the distribution of moisture
irn the walls, and it was hoped that these conditions could be determined
nendestructively by the wse of microwawve, ultrasanic, infrared, and
electrical or  thermal conductivity  technigues. However,  after
investigating the actual use of these technigues, nons of them seemed
capable of providing the type of detailed infoermation necessary at
Tumacacori. Consequently, 1t was decided to gather this critical
information by drilling heles in the walts and taking material samples to

determine the actual moisture content.

Material Sampling

A pattern of sampling holes was located in such a way as to provide the
most comprehensive information pessible. There were some limitations in
order to avoid certain architectural and decorative features on the
interior walls of the church, but generally the locations related to a
general coverage of the height, length, and thickness of the walls and to
areas of known or suspected problems. The actual locations of the hales
can be seen on the plan and the interior elevations of both the east and
west nave walls  (illustrations 23 and 24). The bholes were drilled
appreximately bhalfway through the walls on one side with matching hoies
drilled from the other side. In addition, a tower hole was drilied at each
location on the interior, but because of the difference hetween the
interiar and exterior grades, a matching exterior hole was nol drilied.
Also, additional holes were drilled in the exterior of the west nave walls

as unsuspected conditions were encountered.

Samples were taken at the wall surface where possible, al approximately
i-fant, 2-foot, and 3-foot depths. |If the wall midpoint or 3-foot sample
was taken Trom one side, il was normally not taken from the other.

Profiles based on the actual moisture contenis of the seven different
locations are shown in illustrations 25 and 26. The profiles at iocations
SE, CE, and NE are classic capiliary moisture profiles with little abnormal
moisture occurring higher than 4 feet above the exterior grade.
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The two south locations on the east wall, S5E and CE, had maximum
moisture contents in holes 1 and 2 in the 11 percent to 13 percent range
with the sample at CE focated at midwall, approximately 2 feet above the
foundation, having the greatest amount, 16.7 percent by weight. Hole 3
in both lhe NE and SE locations were consistently in the 2 to 3 percent
range, with hale 4 at these two locations having even less moisture. Hole
3 at the CE location contained material samples in the 7.5 to 10 percent
range, undoubtedly a situation influenced greatly by the relatively

impervious soil cement membrane located in this area.

Samples from the north location, NE, were generally much drier than
gither of the other two locations, which seems to indicate that a much
greater amount of capillary moisture was affecting the CE and SE locations
than the NE location.

The profiles through the west nave walls reflect a significantly different
situation than the typical capillary profiles of the east wall. In the west
wall the highest moisture content sometimes occurred as much as 12 feet
above grade indicating a source other than subsurface. It seems obvious
that efther the ledge was leaking at the time of the sampiing, allowing
water 1o percolate down through the walls, or the ledge had leaked in the

past and water simply could nol evaporate,

Results of the sampling seemed to indicate a concentration of wall moisture
below the scuppers located on the ledge in association with each canal.
in the bighest sampling location at hole WWCX, there was an obvious
difference in the moisture content at approximately 2 feet into the wall.
The exterior part of the sample contained 17.5 percent moisture, and the
interior part contained 12.2 percent moisture. This sample was located
along a werlical plane extending down from the exterior surface of the
upper  portion of the wall. This seemed to lend credibility to the
supposition that the moisture entered the lower wall at the juncture of the
upper wall, and the iedge and percoclated straight down through the wall.
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The material samples, with two exceptiions, were taken at locations near
the canales. Cne of the itwo exceplions was takem al a peoint midway
between locations NWC and SWC, 8 feet above the exterior grade and
contained 2 percent moisture.  The other exception was a sample taken
between locations SWC and 3SW at the same elevation, and it contained 8.7
percent moisture. This latter sampie seemed 1o indicate that a significant
amount of moisture had entered the wall between the canales in at least
one place.

When the large amounts of moisture were encountered relatively high in
the walls, additional holes were drilled still higher. At locations SW,
SWC, and NWC, holes were drilled 2 feet above hole 4, called &, and 1
fopt above haole 5, called &, In addition, another hole, called 7, was
dritled above the ledge at the HWC location. This highest hole contained
material with a2 meisture content of 5.7 percent, cerlainly higher than
naormal, but the socurce for what was probably capillary moisture is
prebably the large amount localed below the ledge at this paint.

The ledge at this canal was removed in August 1977 in an attempt to
further define the moisture condition and to determine whether ar not the
ledge was still leaking. There was a smaill hairline crack in the scupper
itself, which was probabiy allowing some moisture penetration. The
amount was probably not enough o significantly wet a totally dry
material, but was probably enough to keep Lhe previously wet area wet.
Another section of Llhe {edge was removed a few feel south of the
scupper, and the adobe material immediately below the cap was
significantly dryer than the material at the scupper. This entire ledge

was rebuilt during the project, and a lateral drain was remowved.

The profiles also show the effect of the impervious membranes on the wall
moisture conditions, In most cases the highest moisture content was
located immediately behind the cement stucco or soil cement wveneers,
This was caused by moisture meoving thraugh the wall and condensing at
the surface of the more impervious barrier, Because of the restriction on

normal evaporative processes, the adobe material wilf remain at higher
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contents and will rise higher in the wall, adversely affecting some of the
building material that ctherwise would not be affected. The most obvious
example of this is the adobe material located above the large soil cement
patch afong the easl side of the nave wall. The material above the patch
was sound until the patch forced the wall moisture higher befare it could
move 1o the surface o evaporate. The subsequent remowval of this
impervious patch has positively affected the wall moisture content.

The significance of the high moislure contenis is apparent when compared
with some preliminary data developed by the Mational Bureau of Standards
far the Mational Park Service. This data indicated that adobes mixed to
appiropriate  proportion as  some of the Tumacacori adobes yielded
compressive strengths near 25 pounds per sguare inch (psi} at maisiure
contents of approximately 20 to 25 percent (Clifton, pers. com. 1877).
This data can only be taken generally because it is based on recently
mzade adobes and not aclual adobes from Tumecacori. Hawever, since the
actual loading on the base of the nawve wailis al Tumacacori is between 20
and 25 psi, il was at |leasl possible structural failure could occur if the
entire thickness of 2 wall was greater than what appears to be a critical
moisture conlent of approximately 20 percent. Of course, a much more
likely situation would have been thal sloughing or sliding of a2 portion of

a wall would occur when subjected to the critical moisture contents.,

The moisture in the east nave wall of the church appeared to result
exclusiveiy from capillary action. The capillary influence in the west wall
was minimal and not to an extent that is of more than a maintenance

Toncarn.

An obvious differerce could be noticed by visually inspecting the axposed
surfaces by the east and west nave walls. The entire lower portion of
the interior of the east nave wall between the bell tower and the sacristy
wall suffered from the movement of mofsture up through the walls,
evaporating approximately 2 feet above the interior floor. The
evaporating meisiure redeposited saoluble salts in the area causing some

damage as the salt crystals expanded during recrystallization. However,

110




just as important as the growth of salt crystals was the deleterious effecl

ol wetting-drying cycles an the surface material.

As mentioned previcusiy, Lhe evidence of capillary moisture along the
west interior surface was somewhat inconsistent. Capillary moisture was
definitely affecting the south end of this west wall and perhaps just south
of the pilaster. The extensive palching with L[he soil cement adobes on
this wall which was removed in 1979 obscured the actusl effects, but
there were several unpatched areas that showed ro evidence of being
affected by capillary moisture. Also, some portiens of the adobe wall
above the patched areas showed no evidence of capillary moisture as did

Lhe east wall.

The determination of the actual wall moisture contents was extremely
valuable, but the actual Information somewhat |limited since it represented
meoisture contents at only one particular point in time. Consequently, it
was necessary ta secure data on possible changing conditions throughout
the year.

Continual Wall Moisture Monitoring

After the hoies were drilled in the walls of the church and material
samples were taken and evaluated, moisture sensors were placed in some
of the holes before they were sealed. It was hoped that the sensors
wauld provide some information on the moisture conditions which, when
compared to changes in the microenvirenment, could determine the specific

cause-effect relalionship mecessary lo provide a satisfactory solution.

The sensors chosen were a simple resislivity type. Two metal suriaces
are insulated by a material that absorbs moisture from surrounding
material. A reading meter sends an electrical current bgtween the piates
through the insulating material and measures the electrical resistance
encountered. The wetter the insulating material the less resistance

recorded, Caonversely, the dryer the material the more resistance
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recorded, resulting in & higher reading. The actual moisture contents
are not determined, but rather a relative change is indicated when
various readings from the same sensor are compared. In this case, the

relalive moisture change was sufficient.

The manufacturer of the sensor indicated that it is possible to calcutate a
relation hetween resistance and actual moisture content for any type of
soil. However, the accuracy is probably poor at the relatively low
moisture contents of approximately 10 percent which could be significant
in adobe. The actual moisture content was not calculated because of the
difficulty of placing the sensors in the wall and packing them with simifar

sail at the same density as lhe adobe.

Initially, some of the sensors indicated porticns of the walls were slowiy
drying, but several sensors seemed fo change with some relationship to
rainfall. For example, sensors SWI[-1C, SWI-2C, and SWX-4C  all
increased in refative  moisture  content with rains owver a
three-and-one-half month period in 1978, Sensor SWX-4C showed a trend
toward an increasing relative moisture content from late spring through
October 1977 hefore establishing a decreasing lrend until January 1978
when it appeared to increase again. SwI-2C showed little change since
august 1977 until a very siow decrease in apparent moisture content in
fate October 1T1977. The decrease continued until January 1978 when

ancther increase began.

The claose association of sensor SWI-3C to the others mentioned abowve
make itz somewbat drastic behavior even more interesting. HReadings
taken in late April and mid-May showed a drastic decrease in resistance
or apparent increase in relative moisture. After a leveling tremd, an
apparent moisture increase took place until mid-October when the material
began a drying trend that continued wuntil March. The increase in
mid-July does relate to the summer rains, but the decrease began in
mid-October, the wettest month n 1977. Aftthough it is possible that
these changes reflect an erratic behavior in the functioning of the
moisture sensar, the changes are most likely finked to some other

influencing change in the microenvironment.
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A change on the nterior surface al the extreme south of the west nave
wall was zlso observed during 1876 and 1877. The originai adobe material
immediately above the soil cement patch became more stained, indicating
an increase in moisture. The increased meisture above the soil cement
adobes was obhserved before the obwvious leaking of the roof took place.
There might Rhave been some influence from water penetrating down at the
exterior juncture of the ledge and upper wall, but the primary damage

was apparently from capiliary moisture.

Surface Moisture Monitoring

In additton to monitoring moisture conditions within the church walls, a
monthly monitering of surface moisture conditions began in the fall of 1576
and continued until the summer of 1982. A small conductivity meter was
used on the interior surface of the east nave wall. Other walls were
checked pericdically but not as often or as comprehensively 3s the aast

nave wall.

There appears to be a direct relationship between the surface moisture on
the adobe walls and the ambient relative humidity. Experiments
conducted during the summer and fall of 1976 indicated an increase in the
moisture content of the stained material along the east nave wall for a
period of time as the relative humidity increased. However, a direct
refationship ceased after a period of time, probably because of the
greater influence of capillary moisture. At that time this surface material
occasionally contained as much as 10 percent moisture by weight. After
keing placed in a humidity cabinet for 24 hours at approximately 80
percent relative humidity, this same material contained 2% percent
moisture by weight.

Laboratory analysis of this same material at the National Bureau of
Standards showed 3 weight increase of 59 percent at 2 much lower
refative humidity. The significantiy ilower moisture percentage in the in
sity samples was expected since this material is subject to the drying
effects of air movement.
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The large increase in moisture in this materiat is directly related to the
high concentrations of soluble safts present. The actual percentage of
soluble salts has been determined to be as high as 8.78 percent by

weight.

The one «critical guestion, of course, was whether an ambient bhigh
relative humidity c¢an contribute to moisture conditions to a significant
depth in the wall. Moisture can gain access 1o 8 material from the
surrounding air by two closely related but different methods. The
ambient moisture c¢an condense on the surface of the wall and move
horizentally inte the wall by capillary action, or it can move through the
wall as water wvapor. In the case of the adobe material at Tumacacori,
condensation does not occur at the surface of the material except in those
areas of extremely high salt concentrations. The lack of surface
condensation was confirmed by an insufficient temperature differential
between the ambient moisture and the material over & wide wvarialion of

climatic conditions.

Moisture wvapor continually moves through the material but is not of any
impoartance in that form. However, the wvapor can condense to s liguid
form when it comes in contacl with a materizl that cools the vapeor to the
dew point; when the wvapor pressure is increased sufficiently as it moves
inta extremely small pores; or when there i= a combination of the fwo.
This ltiguid moislure can then move through the wall in capillaries or from
the force of gravity.

Horizontal capillarily maves moisture at a8 much greater rate than vertical
capitlarity {(Winkler 1575). Moisture does not mawve along the horizontal
arbitrarily but js influenced by the relative vapor pressure on either end
of the capillary, the capillary moisture source, and the temperaiture
gradient. When the source no longer exists, the amount of moisture at
the waterfront necessary for the capillary action o continue decreases
and the movement into the material stops. At this time the moisture
begins to move back to the surface of the material as the vapor pressure
is less in the surrounding air. If the other two influences are Lhe same,

the moisture will move toward the iower temperature.
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L has Dbeen suggested that the large amount of gypsum found in the
Tumacacori adobes comes from the thin gypsum wash that was applied
owver the lime plaster during the original construction. The gypsum from
the wash would have been carried from the surface by water into the wall
fabric, indicating thal significant amounts of moisture would travel from
the exterior to the interiar of the wall. Since the gypsum could have
been carried only by water and mot waler vapor, moisture would have had
to condense on the surface of the plaster itself, at the very least, a rare
oCourrence, Alsc, the relative insclubility of gvypsum would seem to
negate the transfer of any significant amount into the wall, A third
reason for the unlikelihood of the gypsum in the wall coming from the
surface is the many small voids thal exist at the interface of the adobe
wall and the lime plaster. The interface between thess two materials
would have prevenied reasonable access of the dissolved salt into the
adobe. The interface is most likely not a recenl occurrence but has

probably existed since soon after application of the plaster.

There is little doubt that ambient moisture does influence the amount of
moisture in the adobes near the surface. Under laboratory conditions
small cubes of adobe material have shown a marked increase in total
moisture contenl and a significant loss in strength when subjected to high
ambient relative bumidity {(Clifton, pers. com. 1977)}. However, in field
canditions, changes in the microenvironment that influence the potential
travel of moisture into material cccur rapidly, resulting in conditions nat
cenducive to ambient moisture trawveling inte the wall and significantiy
affecting the overall interior wall conditions. Conclusive evidence of this
fact appears in the wall moisture profiles where interior wall moisture
conditions not obviously affected by subsurface capillary maisture or
rainwater from a leaking l!edge were never above 3 percent, an

insignificant amount.

The surface monitoring technigue was based on a procedure developed
and reported by Brown Morion, Chief of Technical Services in the Office
of Archeclogy and Historic Preservation (NPS  1976). The primary
difference in the procedure used st Tumacacori is related to the more
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inconsistent material normal in adobes. For example, an adobe with a
higher salt concentration could give a higher reading even though the
actual moisture content was lower. The procedure consisted of taking
readings on a small grid thal averaged approximately onhe reading per

square foot.

The comparison of different readings was primarily important when
comparing the same spot over a period of time rather than comparing, in
any significant detail, one area with another at the same Lime.
ltustration 27-30 show the results of the mapping of the east nave wal
during both wet and dry periods in 1976 and 1977. The wvarious shadings
are related to readings on the conductivity meter, but the readings
themseives are only relative numbers and do not indicate any specific
moisture content.

Readings taken in February 1977 (illustration 28} indicate that the surface
moisture was greater, much higher on the wall than it was in December
1976 ({iliustration 27). This change was hot unexpected because the
rainfall in January added to the capillary moisture source, causing more

maisture 1o rise into the structure,

A surface survey conducted in April 1977 {illustration 29} indicated a
relative decrease in surface moisture which, again, probably related
directly to the absence of significant rainfall during the period since
January. However, a survey conducited on May T4 of that same vyear
showed an apparent increase in surface moisture although there had been
no rainfall at all lfor six weeks {iMustration 30). This increase did not
retate to any Known cause in the cause-effect relationship excepl an
increase in the relative humidity from May 4 to May 10. 't is highly
unlikely that ihe increase in ambient moisture would have a continuing
effect on the actual surface moisture content several days later.

The only data that related in any way to this apparent surface increase is

the relative increase observed during this same period in maisture sensors
SEX-2C, SWI-3C, SWCX-6C, SWX-4C, NEI-1C, CEI-2B, and CEI-1C. Al
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RFACE MOISTURE SURVEY: EAST NAVE WALL
ec. |, 1976 reading [ 10-30 [[130-60E60-85 M 85-100

Readings taken with Protimeter Mini.

ILLUSTRATION 27,




SURFACE MOISTURE SURVEY: EAST NAVE WALL

Feb. 11,1977 reading [ 10-30 [ ]30-60 EE60-85 M 85-100

Readings taken with Protimeter Mini.

ILLUSTRATION 28.
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SURFACE MOISTURE SURVEY: EAST NAVE WALL 9
May 14, 1977 reading [ 10-30 [130-608E60-85 l85-10

Readings taken with Protimeter Mini.
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but one of these sensars, SWCX-6C, were in areas known or suspected of
being influenced by capillary moisture. However, ithere were three
sensors, NEX-20, SWI-1C, SWI-2C, in areas of suspected capillary
moisture that showed ne corresponding increases.  Naormally, although
there was some& minor wvariation, the sensors placed in [ikely capillary
moisture areas indicated an apparant increase in relative meisture during

perieds of cancentrated rains.

This higher surface moisture condition coupled with the apparent moisture
increase in some of the sensors seemed to indicate a capillary moisture
source supplied by moisture actually moving into the area from the west
or upstream from the site, The actual source of this additional moistuire
was nol determined, but with the extensive work on Interstate 19 just
west of the site, an abnormal situation was certainly possible.

EFFECTS OF MCISTURE

The most dramatic effect of moisture on an adobe structure is the collapse
of the structure when the moisture content reaches an extreme level.
The resuit is sudden and obwvious. However, this is a relatively rare
occurrence unless the building is simply not maintained at 2!, Ewven
then, the wall will normally collapse in a section weakened by a2 much
slowar deleterious action. The causes of this slower action were the

primary concern at Tumacacori.

The weathering of adobe brought on by internal moisture is complex and
difficuit to analyze {Winkler 1975, 134). Generally, the disruptive action
i5 a resuit of one or a2 combination of the following: (1) the expansive
action of scluble salts under hydration or dehydration conditions, (2}
the expansive action of the moisiure as it is heated, {3} the differential
thermal expansion of the salt crystals, and (4} the wet-dry cycles,
although this is not 2 separate phenomenon but is probsbly based on
several of the previous actions.
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Pressure is exerted by the salts on surrounding material by both
hydration and dehydration, but apparenitly the hydration pressures are
much greater. For example, hydration pressure of gypsum {CaSo4.2H20}
at 25°C. and 70 percent relative humidity is approximately 1,000
stmospheres or 14,000 psi (Winkier 1975, 123-34}.

Expanding moisture when heated from 0° to B0YC. may develop pressures
in pores as great as 7,500 psi. A temperature increase of 60°C. on the
adobe material at Tumacacori will not oceur, butl exterior plaster surface
increases in the range of 20° to 30°C. are not uncommen. Based on the
extremely low tensile strength of adobe, which is normally less than 100
pst, ewven this relatively small increase could have disruptive effects
{Eyre 1935, 17). However, this action would not cccur significantly In an
open pore situation. In that case the waler would simply move from one
pore to ancother and ewventualtfy te the surface where it would evaporate.
It is possible for the movement of ordinary moisture to be impeded by
ordered water because of its higher density and electrostatic attraction to
the material-water interface {(Winkler 1975, 116 and 108). In  this

situation the expansive pressures could affect the material.

The expanding water will probably only have an effect on exterior
surfaces and then aonly under certain conditions. The surfaces not
axposed to the beating effects of the sun will probably not increase
sufficiently in the relatively short time the material is subiect to this
action. Conseguently, the amcunt of weathering on the interior surfaces

of the roofed church is probably minimal.

The differential thermal expansion of salts present in the material
probably doss have some disr‘up.ti\.-'e effects, but it is apparently not as
important as others (Winkler 1875, 134). Consequently, the actual effect
becames significant only in combination with other disruptive actions or
after these other actions have had their effect on significantly weakening

the material.
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The disruptive action caused by wetting-drying cycles is the most
significant of the four mentipned. The specific causes are not well
understood but have long been recognized as an impertant factor in stone
deterioration {(Winkler 1975, 113}. The same mechanisms are at waork in
adobe but probably to a much greater extent. This is especially true of
adobes that have a significant amount of expansive clays as do the pnes
at Tumacacori. While the Tumacacori adobes have a relatively low average
clay content of approximately 12 percent, the predeminant clay is
montmarillonite. The results of the welting-drying action are most
dramatic during drying conditions when the most significant amounts of
surface material become friable and fall from the walls at the slightest
touch. The actual amount of friable malerial varies considerably, being
most  significant in the areas also affected by salt crystallization and
hydration, but a depth of friable material of approximately 2 o 3

centimeters is average.

It was imporiant to wunderstand the mechanisms of the deterioration
process so that the most appropriate action could be taken. For example,
increased circulation at the wall surface may have been desirable to lassen
the damage caused by alternate wetting-drying cycles, but may not have
been desirable in the areas of sall crystallization damage as dehydration
would have increased the rate and subsequent damage caused by the
expanding salt crystals.

COMCLLUSION

The primary scurce of meisture in the church was capillary. Wost of the
east nave wall and two spots on the west nave wall were primarily
affected. The damage bas probably been occurring pericdically since the
building was conslructed with seascnal wvariations being the influencing
factor,

The actual source for the capillary moisture was raih falling on and

around Lhe church, soaking into the soil near the wall foundations. A
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supplamental source upstream, which periodically moved moisture through
the area just a few feet below grade, was also a distinct probability.
Howewver, this secondary source was not thought to ke signifizant by

itself but became important when combined with the primary source.

Berause of the shade provided by the bell tower, the rainwater that
drafned from half of the nave roof to this shaded east side was slow 1o
evaporate. When the nave roof was rebuilt in 1980, all of the drainage
was directed 1o the west side where it was then directed into a
subsurface drain that extends along the foundation of the west nave wall.
Both of these actions alghg with the removal of the impervious wall
treatments resulted in a continued lowering of the internal moisture of the

nave walls.
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CHAPTER WIl: PRESERVATION THROUGH MAINTENAMCE

GENERAL CONSIDERATIONS

The continued maintenance of Tumacacori is addressed in detail in the
"Historic Slructures Preservation Guide," hereafter called HSPG (NP5
1983). Much of this chapter is taken from that document. It reflects
many of the concerns, ideas, and solutions that have gone into the
preservation of this important monument since 1308 when the federal
governmenl assumed responsibility for s preservation. More specificaliy,
this maintenance gquide is the end of the major preservalion effort that
began at Tumacacori in 1976. Many of the ideas that resulted from the
intense inwvestigation of adobe, the principal building material, by
cantractors oulside the Park Service as well as professionals within the
Fark Service are Tncorporated into the HEPG., A great deal of hands-on
experience and knowledge of the performance of adobe as a building
material are incorporated ta an ewven grealer extent. Im  fact,

Tumacacori's preservation will always depend more on a respect and

knowledge of the building’s materials and for the place itself than on a

new iechnological breakthrough. That is the pature of the place and that

is the nature of adobe.

Returning Tumacacori to & conditian in which it could be maintained was
the goal of the preservation project. This meant sefecting appropriate
malerials that would provide protection and not contribute to anather
mechanism of decay. The cement stuccos used  previously certainly
provided some praotection to the adebe from  surface erosion, but
cantributed significantly lo an increased moisture content of the material,
ar forced moisture to seek a different path, resulting in the decay of
previously sound material. In most all cases during the preservation
project, the materizl selecied for use was similar to the material originally
used,
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The wse of these traditional materials, unamended adobe and mud for
repair of an adobe wall and unamended lime plaster for either replastering
ar for plaster infill, is also a rather conservative approach to
preservation problems--conservative because these materizls have a long
history of use (consequently, we know how they will perform);
conservalive because they do not change the important characteristics of
the original materials with which they are used; and conservative because
they can easily be applied and removed without damaging what they are
intended to protect. Of coursa, these characteristics are also the
characteristics of any material that should be considered for use in a
preservation  project. And a qgeneral coriservative approach to
preservation through sound maintenance is also an idea that is reflected
in the H5PG.

in the actual repair, malerials are used to stabilize unstable fabric, such
25 adding a plaster bead to the edge of original plaster. Also,
consideration is given to eliminating wvisual distractions by making sure
that existing or new patches or replacement materials do not detract from
either the original surrcunding materials or from the bhuilding or group of
buildings as a wheole. A new plaster patch in originai plaster should nat
stand out visually because of an inappropriate color or texture. MNeither
should an entire replastered wall be the whitest, brightest feature of 2
wall that alse contains & large amount of faded and cracked original
Blaster,

The replacement plasters on the exterior protect the adobe substrate from
water ercsion, and even more importantly, do not allow excessive amounts
of water to penetrate behind original plaster. This action could increase
the chances that original piaster keys could be eroded away, or increased
pressures could result in large amounts of plaster simply falling from the
walls.  This protection can be provided by patches and replacement
materials that do not detract visually,

The HSPG was organized to Tulfili the need for periodic, systematic
inspections and to provide directions for the actual maintenance or repair
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when it becomes necessary. Its basic components include the inspection

forms, two summary forms, and the specificalions,

The HSPG calls for labeled, expandable folders for each building. These
folders will contain all  inspeclion  forms,  summaries, drawings,
photographs, and other materials that may be related lo the actual
maintenance of the specific building or structure. The original forms and
drawings on clear film are located elsewhere in 2 permanent file for added
protection.  Perfodically a supply of copies can be made from the originals

as they are needead.

COMPFONENTS OF A MAINTENANCE PROGRAM

The Inspection

The orientation of the inspection is toward the logical way the building
would be wviawed. The inspection Torms are oriented toward a part of a
building rather than a particular problem cor area of concern that may
occur throughout a building., Rather than making a list of Inquiries
about a specific problem {e.g., original plaster), the inquiries on =a
particular form pertain to what can be seen From one particular
pltace--beside, on loep of, or inside a building--and includes all materials,
items, and potential probiems. One advantage of this approach is that it
requires less time to conduct the inspection becavse jt will not be
necessary to continue walking arocund a structure and recording all
examples of a specific problem prior to going on the problem. However,
the mest important advantage is that a problem is seen in context with
octher materials and probiems that may be related (see accompanying

inspection formj}.

Seme  buitdings are broken down in much greater detail than others,
Thera are approximately 30 separate inspection forms for the church
axterior alone, but only one inspection form for the entire fime Kiln.
Howewver, the lime kiln is small enough to be observed in its enlirety from
one basic vantage paint.
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INSPECTION FQRN HISTORIC STRUCTURE PRESERVATION GUIDE

=
2
- E 5 % TUMACACORI MATIONAL MONUMENT
£ 2| e
e
E £ 'E: # -E i Building name CHURCH EXTERIOR., SOHTH ERONT _ :
| " EC = . lnzpector date
s E c B 3 ki Building number
£ -] £ -
EE ¥ '.g E E 3 Page ©  of % Supervisor date
£ e 8 .
E E ETE E $ E Vieatbey Conditions: rain clear ___ overcagt Time of laspection am P
x o S .
!'E 'E 'fi? El 21 ¢ Approx. Temp. Wind Cond. Schaduled Inspection ___. Nontcheduled ___
B g g §- Check [ ] to left of headings if inspected T» = greater than: < = less then
£o¢.1| ORIGINAL PLASTER
pivd . _
Cracks: Hairline P - . Spalling at crack . Appears active .
Edges: Separating from adobe . Beads missing .
Heles: Seali (<i") . Large 1"} . Insects . Inte adobe
Deterioration: ODelaminated, from base plaster and from adaobe . Missing .
Soft, powdery . Appears damp .
~ Surface: Color/texture of patches is not appropriate .
o Other:
/.15 | CRIGINAL PAINTED PLASTER {INTRADOS OF ENTRANCE ARCH)
Edges: Separsting from adobe . Edge beads intact . Spalling at juncture of
edges and original plaster .
Hotes: Filled holes intact .  Separation between original and fill materials
Insects
Deterioration: Delaminated from adobe . Soft, powdery . Additional
surface graffiti .
Other.
Inspactor’s comments Supervilor's SOImIments




While the inspection forms are seen as the single most Important part of
the HSPG, in themselves they do not specify the exact material that
shouid be used nor do they specify the technigue by which the repairs
are to be made. But as long as deficiencies are pointed out and recorded
and spund conservative conservation approaches are  followed, an
appropriate material and technigque could be found by the maintenance
staff.

The inspection forms are not only oriented toward certain Knhnown or
potential problems but also suggest sciutions to those probiems simply by
asking the guestions. The inguiries, or tems of what to look far, are
directed only ta problem areas and do not ask fTor information not related
to these problems. Faor exampie, the form does not ask if a plaster bead
is goed, but rather If it is bad. Likewise, it does not ask if the colar
and texture of a plaster patch in same ariginal plaster are good, but
rather if the color and texture are inappropriate. In most all cases, if a
check appears on a completed inspection form, then there is a problem. If
no check appears, then presumably there are no problems and nothing
needs attention.

There are a fimited number of inquiries that when checked do nmot in
themselves call for corrective action. They are there Lto provide
additional information about the condition of the building or material. For
example, an inguiry reiated to a hole in some original plaster may ask if
the hole was patched previously. It is important toe know if a hole was
patched previously to determine if the material and technigues used were
good. Anether inguiry may ask if additional graffiii is present. A check
in the following blank may indicate a visitor misuse problem. |If during
ar inspection an inguiry is checked, the problem should be located on the
drawing of that peortion of the building provided with the inspection form
(see accompanying example of bell tower). In some cases, it will also be
necessary to more accurately record conditions by photoegraphing them
and attaching the photographs to the ingpection form as well. The
photographer's location should Be noted so that subseguent photographs
can be taken from the same position.

129






It is interded thal a formal inspection be conducted twice a year. During
these inspeclions each part of ewvery building is systemalically gone
through with the appropriate Torms in hand. This biannual inspection
does not imply that corrective actions ¢an wail six menths to be
undertaken. For example, if ants are seen coming and geing from a small
hole in an adobe wall or plaster surface, the preblem should be resolved

as soon as possible.

A hairline check in some replacement plasler at the juncture with original
plaster may nol be an immediate problem and can simply be observed until
the crack develops to the extent thal sxcessive mopisture can gain access
behind the plaster. A plasler patch that is not the appropriate color or
texture and stands out from the original plaster in which it has been
placed should be noted and recorded on an  inspection  form. It
represents no  mnaterial preservation problem, however, and could
appropriately be scheduled for corrective action at a time when all similar
prohlems are correctad.

Because of the nalure of the site, its size, the malerfais, and how those
materiats react under various conditions in the microenvironment, potential
problems will more likely be spotled during the nmormal course of daily
activities by the staff at Tumacacori. in fact, it would be unusual if a
targe number of problems are recorded only during a formal inspection.
The inspection forms are alsa to ke used to record problems uncovered at
other times as well, in which case, a check is made in the "nonscheduted"

blank on the upper right-hand portion of the form.

Iln this fatter use of the forms, only items that require immediate attenlion
will likely be noticed and recorded in the appropriale space. Far
example, if during the normal daity policing of the grounds a plaster bead
used to support some original plaster is found to be missing, it should
probably be replaced immediately. The absence of the plaster bead
should be recorded on the inspection form and located on the appropriate
drawing. The inspection form will then become the permanent record to
be filed aleng wilh other inspection forms in that particular buiiding's

file.
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Mairtenance and Repair

Two forms are used to record the maintenance needs or tasks so that the
actual maintenance can be planned and organized (see accompanying
inspection summary and maintenance summary forms). The inspection
summary form is used to list the maintenance activities or tasks for each
building, which are taken directly from the inspection farms. Far
example, a thorough inspection of the corridor may indicale that the only
maintenance needed is to fill saveral small holes fn the original lime
plaster. That information is entered on the inspection summary form
along with the list of similar problems from cother buiidings. Since the
data from the actual inspection forms will be listed by scanning the forms
looking for checks, it will be helpful if the inspector used red pencif or
ink 30 that his remarks and the checks can be seen more easily.

Crce all the maintermance needs are summarized on the inspection summary
form, the actual planning of the work can begin. At this stage the
summary is oriented toward a particutar building. Howewver, actual
maintenance i3 normally organized om a task basis. To get from a
structure specific summary to a task specific summary, the maintenance

summary form is used,

The maintenancs summary form provides for the actual planning and
arganization of the maintenance through provisions for estimating material
and laber reguirements and actual scheduling of the work. The
directions for the actual repairs, once they have been identified, are
found in the specifications. The specification for a task can be located
by simply using the table of contents and then turning to the section and
page number indicated.

An important additional parl of prevenltive maintenance s the
housekeeping or routine tasks that are now being performed at
Tumacacori. The current liist prepared by the maintenance staff is
included in the appendix of the HSPG. It too will change from time io
time.
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INSPECTION SUMMARY

Structure

Buiiding Component
of materigl

HISTORIC STRUCTURE PRESERWVATION GUIOE
TUMACACORI

NATIONAL MONUMENT

Task Description and
Extent of problems

Compiler
Date

emergency

menitor

repair on

schedule
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Esfimate Hrs | Estimate Cost Scheduled | Complete
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The specifications section of the HSPG is composed of two parts. Part 1,
the inspection guide, explains and describes the problems, the details
that are important toe note, about them, and the general aspects of the
preservation approach. Parnt | covers the exterior ol the church because
it is the most fmportant preservation concern. Howewver, the general
concepts of the inspection guide shouid alsoc be used for other buildings

ar building components.

Fart I, the actual method and materisl portion of the specifications, also
varies in its degree of detail. The Important preservation concerns are
described in great detail. Howewver, specifications for nonhistoric
malerials for which normal maintenance practices are acceptable are not
specified al all. For exampte, the repair or replacement of the built-up
roaf of the convento's protective sheiter is common and is not covered in
the guide. Likewise, the painting of the protective shelter is nat
specified with the excepticn of its color and the protection of the
convento during painting.

Guide llse Summary

The most important feature of the H3PG is the inspection form, which is
used to emsure that each feature of a siructure is inspected twice each
year for potential or existing problems and to record deficiencies noled
during the course of day-to-day staff responsibilities. The inspection
and maintenance summary Torms are to be used to assist in the planning
fer future maintenance scheduling and to record the maintenance activity
once It has been completed. These forms are to be kept (loose-leaf) in
individual building files. When a problem has been identified, the
specifications section of the HSPG will be referred to for the appropriate
material and method to he used.
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CHAPTER VIili: GENERAL CONCLUSIONS AND RECOMMENDATIONS

The preservation project at Tumacacor! has resulted in an overall gain in
ihe krowledge of the performance of adebe under the influence of warious
factors of material decay. MM has also resulted in an increased knowledge
of how actua! decay can be measured and how, in simple terms, the
material of adobe can be classified. The classification system dewveloped
for the MNational Park Service by the United States Department of
Commerce, Mational Burs=au of Standards, is used and ofter referred to
by adobe preservationists all aver the world. At the height of the
project, a large number of research projects were underway covering
such subjects as the above-mentioned adobe classification, the actual
performance of adobe under wvarious environmental conditions, the
effectiveness of consolidants and surface treatments, and the analysis of a
number of traditional adobe treatments. This research will continue to be
of great value to others working with adobe, whether as a contemporatry

building material or as a material that should be pressrwved.

There is still much to learn, however. As an example, one impeortant
defeterious factor of adobe is wetting-drying cycles, but it is not known
whether these cycles are only important in the presence of specific
soluble salts, or whether the actual number of cycles or the extent of the
cycles are important, The actual composition of the adobe soil with
various types and amounts of clays is probably another important factor.
Another example is the lack of knowledge of the actual effects of the
growth of salt crystals in the interior of an adobe mass. 5till another is
the significance of the pressures of expanding moisture under conditions

of increasing temperature.

Curing the projecl many sound decisions were made regarding the use of
preservation techniques and malerials, but mistakes were alse made,
Seme of these mistakes became obvious immedistely and were corrected,
The initial mistakes mace in the restoration work on the mortuary chapel
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became dramatically obwvious when the restored sections collapsed during a
rainstorm. In this case better preservation treatments resulfted before
the project was completed, Another mistake, which was not resolved, was
the installation of the well points for draining the granary. Theay were
effective for much of the first rainy season after their installation, but
they bhave not provided adequate drainage since then. The actual
practice of simply pumping water oul of the granary depends entirely on
the awvailability of the Tumacacori maintenance staff at the time the

rainwater begins to accumulate.

Anciher unfortunate occurrence was the loss of the remains of the
engaged plaster pendentive from the southwest side altar of the nave. In
1976 a temporary support was preposed prior to the development of a
more permanent reattachment method. Howewer, the support was never
constructed, and no permanent method had been decided on when the
plaster fell in 18981. The reattachment of delaminated or partially
detached plaster remains a problem, where what this author considers lo
tbe an optimum solution has still not been developed. Today, the remains
of this plaster pendentive is in storage at Tumacacori and could possibly

still be restored.

In addition to the nesd for resolving the problem of drainage in the
granary, there remains the need for completing the conserwvation of paint
and piaster, both on the interior and the exterior of the church., The
paint conservation project undertaken in 1982 did ncot compliete the
necessary work, and, while recent moisture problems have resulted in the
deterjoration of some of this work, there are critical areas that nesd to
be addressed. The most important include (1) the completion of the
reattachment of the remains of the painted plaster intrados of the main
entrance arch and (2} the reattachment and consolidation of the original
piaster ang the east canigl on the north exterior side of the church.

The continued preservation of ali strugtures at Tumacacori Mational

Monument s based on a principle of maintenance and repair. This

principle has evolved during the preservation program, and it relates to
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the origina! goal of the preservation project, which was to bring the
structures at Tumacacori to a level at which they could be maintained.
The principle is also supported by many others as the one generally
accepted adobe preservation approach on similar adobe structures andg
building complexes. This principle respects the essential character of the

material--the characieristics of change and renewability.

Traditional preservation practices, although simply referred 1to as
maintenance if referred to at all, were basically the same as those being
used here. Although there are many advanced technical methods and
materials currently being used in preservation, it is not realisticaily
possible to apply any one of them to adobe and halt any further change.
However, even if it were possible, it would be a questionable preservation
technique because it would ailter the adobe into a totally new material--a

new materjal that wouid Lhen hawve a totaliy different character,
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A: GIFFORDS' REPORT OM PEMDENTIVE REMOWVAL

INTRODUCTION

Tumacacori HNational Monument is 48 miles south of Tucson, Arizona. The
celoanial church structure, sbandoned in 1848, was one of the Pimeria Afta
mission sites administered first by the Jesuits, and after 1767 by
Franciscans from the Colegic de 5anta Cruz in Queretaro, Mexico. The
existing siructure was begun probably around the beginning of the
nineteenth century and finished around 1824, gr at least as finished as it

would ever he.

Tumacacori was proclaimed 2 national monumsent in 1908, and after the
establishment of the Nationa! Park Service in 1916, the mission has been

under this agency's protection.

Tumacacori is currenily undergoing an extensive preservation program
under the guidance of Tony Crosby, project coordinator. As part of this
program ! was contacted to examine a pendentive in the sanctuary that
was neeling. There was a design on the plaster and it was obvious that

unless some steps were taken to preserve it, It would be lost.

The following is a report on the subsequent research and conservation of
this fresco.

REMOVAL OF THE PLASTER AND PAINTING FROM NORTHWEST
PENDENTIVE OF THE SANCTUARY OF THE CHURCH AT TUMACACOR!
NATIONAL MONUMENT

The church at Tumacacori had recently been experiencing mowvement of
water. There was ground water coming up from the boulder foundations
into the walls of the nave and moisture trapped between the adcbe walls
and dome in ths sanctuary area. Reasons for the build up of humidity in
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the dome may in part be related to the cement covering owver the dome
added in recent years, the traveling ground water in the walls is not of
concern in this report, but merely mentiched as another aspect of the
cornservation attempt on  the structure. It is not related to the

pendentive's problem.

In April 1976, it was discovered that in the northwest pendentive of the
sanctuary plaster was beginning to peel off the wall. At that time Mr.
Walter MNickowitz of the MNational Park Service Center for Conserwvation,
Harpers Ferry, Virginia, examined the area and atlempted several
different types of reattachment of the plaster film. He attempled to apply
hot wax, but the wax cooled too guickly, and anyway was unacceptabie
because of the color change it created. He then used a solution of
Rhopiex AC 234 dissoived in Acetone. He reattached several of the laose
pieces around the top edge of the pendentive, where the entlire wall
surface seemed in danger of crumbling, and also attached several facing
of paper andg adhesive at the upper left edge of the painted retabls. His

complete report is on file,

in February 1977, this conservator was asked to logk at the wall and

make suggestions. My impressions were as (ollows:

There was an extremely high amount of humidity on the surface of

the pendentive.

The proklem with the flaking plaster and the painting that had been
done on it was due to the efflorescence and in some areas of the

plaster loss, subflorescence.

Unless something were done immediately to stop the effigrescence or
to protect the painting, the entire design would be lost. {(There
had been an alarming loss from April 1996 until February 1977,
perhaps as much as 50% and about half of it involved the design
area.)
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Samples wers taken of the paint and plaster znd it was our conclusion
that because of the high amount of nitrate in the wall, unless the wall
codld be dried out immediately or the effforescence/subflorascence stopped
at that point, the probiem of flaking would simply continue. Solutions at
this time suggested included removing some of the cement on the dome
and the roof above Lhe pendentive and allowing the air to dry the wall
behind the water-logged corner, drilling holes in the roof above the
pendentive and packing it with silica gel--removing the gel daily and
replacing it with dry, or even placing an air tight bag arocund the face of
the pendentive and allowing the humidity to build up on the surface and
stopping the efflorescent action. Feor wvarious reasons these suggestions
were discarded. The rema&ining solution if we could not correct the
problem causing the paint and plaster to peel and flake off, was not to
treat it cosmetically, but to remove the painting.

We decided the best method was the strappc method. Attached is a
xeroxed copy of an article by Paul Philippot and Paclo Mora, "The
conservation of Wall Paintings," The Conservation of Cultural Property,

UNESCO, 1368, that describes the strappo method.

In the studic we set up a series of tests. We applied plaster of Paris
{caED4} with additional minute amounts of saltpeter {HNDE} and Calcium
Oxide (Cad) and siightly tinted with hematite (FEED3}, a red earth
coloring.  On some of the bricks we applied dry pigments mixed only with
water, a carbon black, s yellow ochre, and simply whiting.

Using mulberry and rice paper strips we experimented on attaching these
pieces of paper to the bricks with a wariety of adhesives and with
varying proportions of wviscosity. The palyvinyl acetates used included
AYAC, AYAF, AYAT, Mowilith DMCZZ2 and a commercial product marketed
under the name of "Elmer's Glue All." Methy| methacrylates tried were:
Acryloid AZT, Rhoplex ACZ234, Acriseal, Versacry! "E" no. 9. We also
used wvarying solutions of white shellac dissolved in alcohol.  With the
exception of the Bordens "Elmer's Glue Al," and the AYAT, none of the
adhesives attached strongly encugh to the plaster to be of any holding or
consolidating benefit.
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Conltact was made with Gustav Berger, chemist and conservator, fellow of
the ALC, in New York. He suggested contacting Piero Mannoni, 282 West
11th Street, New York, N.Y. 10014, and presenting the problem to him,
because of Mr. Mannoni's wvast experience in mural remowal. Although |
did not speak to Mr. Mannoni directly, but to his wife Helen, later |
recefved a letter from her in which she suggested that after contact with
her hushand he recommended a white shellac and ethyl alcohol. One of
the concerns we had was the extremely high surface humidity on the face
of the pendentive, and whether or not the adhesive would effectively grip
the damp plaster.

Further tests were run with shellac and it was eliminated on the basis of
its extreme penelration and the deepening of the color due to the change
in refractive index. The friable condition of the plaster and its porosity
dictated an adhesive that was "plastic,™ had limited penetralion, and
could be readily disselved and removed from the surface. Itz gripping
gquality, because of the method of remowval we were proposing, was very
important.

We narrowed our choice to AYAT. Several tests were now conducted on
plaster coated brick surfaces, plaster Lhat had been applied to cloth and
paper and allowed io flake and cur!, and plaster applied lo masonite
panels. We wetled the surfaces on the bricks to check the PVA's ability
0 adhere to a damp surface. We now used facing materials of cheesecloth
instead of paper. Considering the tenuous nature of much of the
remaining plaster we had to also resclve some technigue in the studic of
applying the facing and adhesive to the pendentive. The 20% stock
solulion that we felt was strong enough to hold the material while it was
being peeled [rom the wall was extremely tacky and it could be foreseen
the preblem of trying to handle soft pieces of cheeseclolh while our hands
were coated with adhesive from the previous piece applied. {The wvarious
tissue papers were eliminated because of their slow rate of abscrption.)

we dipped separate pieces of cheesecloth into the mixture and allowed it
to dry. We could now bandle the slilffened pieces, cut them to sizes, and
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even flatten them with a warm iron. They had the adwvantage owver
nonimpregnated pieces in that when a brush loaded with adhesive was
applied to the piece there was less movement against the fragile plaster.
The existing adhesive on the cloth partially dissolved, making atlachment
much guicker and more effective. The AYAT formed a guick drying bond
to the surface, had a tenacious grip, could be manipulated when dry to a

certain extent and was easily dissolvable In acetone,

There was a constant trade-off at this stage of material to be uwsed.
Reversibifity had to be considered, the ultimate dispesition of Chis
fragment when it was finally removed, consideration for the effect of the
adhesive and dilutent upon the painting.

After studying the wvarious swaths and samples of studio assimilated paint
and plaster, it was decided that two layers of cheessecloih, laid at
different angles to each ather, and an additionai layer of unbleached,
boiled muslin applied with a water socluble PVYA marketed under the name
of Elmer's School Glue were enough. We used the commercial product
because of its ability to dissolve in water readify. It would be isolated
fram the surfage of the plaster by the AYAT, and we wanted the
additional strength and support it would provide with the muslin.,  We
tould have considered a meore rigid facing, but the angle of the wall, the
working space, weight, and the method of removal (strappe), favored a
lfghtweight, flexibie backing.

Qur original plan called for experimentation on some cutside watis in the
mariuary chapel area before we approsched the main walls, However,
time was running out. While we stond on the scaffolding and discussed
the plans, we could see pieces falling off. Ewveryday there would be
fresh pieces on the floor immediately below the pendentive. Our test spot
far the rate of efflorescent growth indicated rapid activity., We instead
applied test argas to the walt immediztely adjacent to the pendentive.
Here the humidity was ifdentical in the pendentive, the plaster in some
cases was suffering from the same detachiment, qiving ldentical conditions
Io the surface we were {o remove.
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On an area to the left of the pendentive we applied our cheesecloth and
adhesive, and a backing of muslin and the water sofuble FVA, We
allowed it to dry and then removed it., The piece performed beautifully,
and ewven revezled ap additiong! element of decoration, a previously

painted walled under the lighter pink plaster!

Oon April 16, 1977, we began our assault on the remowval of the pink
plaster coat containing the design of a weil and bucket. This layer of

tinted plaster and design will be occasionally referred to as a fresco.

Using a micro pipette we first allowed a 503 dilute sclution of our stock
emulsion of AYAT to seep, ocoze, and spread throughout the edges of the
plaster, including those edges that were hanging by a thread. Mesdless
tc say, firm hands and careful eyes were needed while doing this
oparation. On the sreas that were secure and could be areas of ihe
fresco.  In the areas of bare wall, the adhasive was not applied except
where it would come in contact with the loosened edge of the plaster thot
was treated. There were considerabie areas of plaster, especially in the
mid teft side that had been seriousiy affected by the efflorescence. Here
the plaster presented an appearance of pink fuzz. The solvent was
quickly accepted by the deteriorated plaster; bowever, we weire skeptical
at the time of application whether or pot there was encugh binder left in
the top ceat to allow it to be removed as a continucus film.,  {(Qur fears
later were confirmed when this section was peeled from the wall. Large
areas of il remained attached to the wall, but its structure was sa

disorpanized that it wasn't considered a loss. )

We noticed immediately that in some of the severely detached areas the
addition of the adhesive not only strengthened the piece, but made it
fiexibie encugh to be pressed back to the wall by the impregnated
cheesecloth and adbhesive without breaking.

The next two days wete spent in nursing the AYAT onto the particles.
One began to acquire a feel for the amount of adbeasive that could be
eased from the pipette onto the edge. ODore carefully and slowly encugh,

the loss was miniscule.
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We have observed several features about the "Spackling" applied during
the Steen ad Gettens conservation project. Very often the repair is not
confined to the holes, but is simply smeared in and out, covering the
plaster area round it, and with no attempt to smooth the patch, dirt
accumulates. The unevenness aiso provides an unsatisfactory esthetic
appearance. Little attempt was made to remove the plaster plugs in the
pendentive area, even though they were friable arcund the edges because

of the fragileness of the surrounding plaster areas.

We ware well aware of the adhesive quality of the aYAT. In scme of our
tesls in the studico and on the adjacenl walls there was no way to control
the depth of peénetration through the plaster onto the wall. Consequently
when the test patches were removed, sometimes the atiachment was so
deep and stromg, more than the piaster film was removed., To avoid
removing more than the fresco, glair* was used to coat the pendentive
wall where there was no plaster to be saved, and hence where we did not

wish the facing to adhers.

After the securing of the plaster and isclation of the wall had been done,
the impregnated cheesecloth was applied to the wall.  We began by
placing the dry piece against the waii and brushing thirough the
adhesive. We quickly realized that the technigue that warked so well in
the studic on a horizontal surface was not refined enough for a slightly
protruding forward vertical surface. We developed a method of grasping
arn edge of the stiffened cheegecioth and dipping it inte the jar of
adhesive. The wet section was laid against the wall, and brushed to
sacure it; then a laden brush was carefully applied to the dry edge uniil
it relaxed and adhered fo the wall. still, the amount of adhesive
accumulated on the hands of the appliers was considerable and presentad
a problem wntil such a level of AYAT was accumulated that sticking

aclually became less, than with fairly clean hands.
The cheesecloth was applied from the bottom up, the edges slightly

averlapping, the chsesscloth tern or cut into workable and correct sizes.

The facing was aliowed to dry for a day, and another layer applied,
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again from the bottom, but placed so the threads were at an angle to the
first layer. In some of the larger bare areas of the pendentive, as an
additianal praotection against too much attachment, even through the glair,
pieces ol waxed paper were cut and taped to the wall, the facing then
placed awver it, sticking slightly to 1he wax paper, but very well to other

edges of the cheesecloth piaced directly on the plaster coat.

After the second layer was applied and dried, a layer of muslin, boiled
and unbfeached, was applied with a PVA emulsion, water soluble, Elmer's
Schoel Giue,

Whart the musiin layer had dried, a series of lines were drawn with pencil
from warious points previousty marked by pins and marks showing two
distinct paths that could be cut through 1o the wall, if the remowval of the
enlire pisce was impossible.  We wouldn't know if these cuts would have
to be made until the remowval was kegun. We wanted fo remove the
plasier and design in one piece, if possible; but if this were impractical
ar impossible we would have two distinct areas governed by bare areas
where wvery |ittle damage would be done. The cuts were not planned in

the areas of design.

A crate was prepared 53" x 80", cutside dimensions of the fresco, and 4"
deep. The sides were conslructed with 2 x 4's and the lid and bottom %"
masonite.  The holes ~n the lid were predrilled to receive screws, rather
than banging the lid shut with nails with the fresco inside. We tried to
raise the box 1o the top of the scaffolding--it would have taken a
derrick. Instead, we lined the box with polystyrene padding and left it
an the ground, and brought the |id up. We pilanned on attaching the
delached fresco to the lid and lowering il like a pallet.

The remowval was begun. We first thought it would be necessary to score
the plaster argund the area, but it was not. Beginning at the bottom,
we  puiled the muslin and cheesecloth  slowly away from the wall,
maintaining pressure from below in an attempt to keep the surface as flat

as possible.  The film was surprisingly flexible: however, we did not
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want to introduce any breaks. Then we began pulling the mid-right
section away, again trying to aveid pulling straight back, but rather
away and to the side. The tops were iocosened, and finally the mid-left
section., We freguentiy checked behind the plaster to monitor how we
were deoing, but it was removing the Tresco compiletely. The entire
reamoval time was probably not more than 7 minutes, the operation flowed
smocthiy. The amgle and altitude of the pendentive increased the
probiem; i.e., the slightly swayving scaffolding, the wiew down to the
floor some 20 feet below, no support to brace oneself and get a good
stance o pull, and the quantity of failing plaster and dirt in the face

and eyes.

The pendentive design was removed in one piece and laid face down on
the pallet. We attached strips of masking tape 1o the edges of the
cheesecloth and muslin, and lowered it over the side to a wailing crew.
The pilaster was then removed from the pallet and transferred to the box,
faced side down. The lid was secured and the piece brought io the

Western Archeclogical Center for storage the following week.

We returned to the pendentive to analyze our methods and results.
There were two small pieces in the upper right mid corner that did not
become attached well enough to the cheesecloth to be removed. They
were not involved in the pattern, and were small enough to be left. |If
Mr. Tony Crosby wishes that they be removed, & second facing can be
gdone; however, it is my opinion that they are so small and insignificant,
it isn't worth the bother. There was an area, previously mentioned,
where the extremely friable plaster had become attached to the wall, but
because of its disorganized structure due to the efflorescence, did not
remove as a Tilm, and remains, almost as a stain.  We removed several
plugs of "Spackiing" and a few cone shaped pieces of wall plaster. in
the center of some of these were small white cores that were identified as
calciom carbonate. An analysis for this and other samples taken of paint

and plaster are attached in their entire form.
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We had discussed with Mr. Crosby possible approaches for the ultimate
placement of this piece--musuem, back on the wall in some sort of frame
or on some support.  The ultimate placement of this piece determines twao
points not covered previously in this report. First the inlegrity of thea
piece--its slightly curved surface, color, and purpose Tor creation. |
feel that the nmext step shaould be to place this piece back in as close a
proximity to its original location as passible. it does not have enough
artistic merit to be viewed separately, out of context. Hawever, it does
have histerical value and may be pne of the clues** to the |ater reference
to the church as "La Purisima Concepcion." Ideas should be explorad as
toe its attachment to a support whereby the original shape, color and
texiure can be emufaled. This may nat be possible or practical, as
suggested by wvarious individuals responsible far this monument. The
facing with PVA, AYAT, doss not limit the final disposition of the fresco.
It is merely a means for removing and securing the plaster fragments.

The second point is related lo the ultimate placement of the fragments.
The backside of the plaster was |eft untreated. We had originally
considered placing some consolidating matertal on the raw exposed plaster
and bits of wall that removed with it; but the use of an additional
consolidation is not felt to be necessary at this time, and an addition of
either a polyvinyl or & dilute water scluble glue might have a determining
factor on the ultimate decision of how the piece is to be mounted and
displayed and we wanted to avoid locking-in the monument by some
irreversible treatment.

For the future, consideration must be given lo the purpose of Lhe piece
and its display. Molds might be taken of the pendentive zand the fresco
laid intoc the tinted plaster placed in the moid. After 77?7 surrounding
areas both in color and height and inpainting done to suggest the lost
areas of Lthe wall painting. This is a reasonable suggestion; however, the
guestion of weight if the piece were to be attached to the pendentive,
weakened and crumbling, is to be considered. The difficully of creating

the mold and an even layer of reinforced plaster are other factors.
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These and other considerations must be explored after the final resting
place has heen dstermined. | would fike to strongly suggest that the
decision be made in the near future., Although 1| am confident in the
matarials that were wused for the facing and support, the longer the
fresco remains in contact with the two PVAs, the greater the possibility

of cross-link polymerization between the two PVA facings.

Gloria Fraser Giffords
Conservatar
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Chemical (qualitative) Analyses Report of Samples from Tumacacari

Defining: plaster: CaS0,-nH,Q; cement - CaCo

4 2 2
A.  Pink Material of Pendentive
Data:
3 .
Fe++, Fe™+ - positive
C05G'4 - positlive
Hg5s - negative {by soiubilities}
C03 - negative
M{}:11 - strongly posilive
soluble | - weakly positive
Not solubte in HCI: granules of sand (in small proportions) black,

smoeky, pink and clear, presumably natural guartz; residue that turned
black in hot can HCI.

Conciusions:

The pendentive is composed of a thin layer of plasier stained wilh Iron
Oxide Red {FEEDE} with some sand mixed 0. The residue that turned
black in hat con HCI could be a PVYA or znother resin not readily water
soluble.

The soluble chlorides and the nilrates which are wvirtually infinitely
soluble in water are probabiy from both efflorescence {a major part) and
artginai impurities in the plaster {g minor part). Potassium Nitrate is
440% more soluble in water than Potassium Chloride. This implies that we

expect four Limes as much nitrate in the efflorescence than Potassium
Chloride.

These results are in agreement with Getten's analysis as pubtished in his
and Charle  Steesn's report on Tumacacori, Tumacacori |Interigr
Uecorations, " Arizoniana, Vol. 1, no. 3, Fall 1962.
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B. Sample of Red Faint from Swag Decoration on Main Altar

Data:

white under layer: pure Ca504 {ver white, looks bleached)
red layer: Fe negative
Hg5 - wvermillion - positive

the brownish layer aver the red 7 nat Fe; not ocher or umber

C. Efflorescence Crystals from Pendentive

Data:

Ci - negligible
r«.lrill3 - positive in large concentrations

Canclusions:

The efflorescerce is either saltpeter KNO, or NaNDEF or both. This

is

characteristic for efflorescence because of the high salubility of ND3 i

water.

D. Greet Material on Exposed Flaster on Pendentive

| could not iscilate the green component microscopically or chemically; and

upon closer examination, | could not even locate the green color.

E. A Whitish Film owver Black Pigment on Retablo Wall

Cata:
Cat+ - negligibie
C03 - negative
Fe - posilive
NO3 - hegative
sol. CI - negligible

152




turns brown in con stod' hot con HCI. Ash remains after ignition.

Contains bits of very fine pigments - red, ocher, and black.

onclusions:

It could ke a spackling compound or an acrylic resin with paper or
samething. |t is not pure organic. It s not & smear of plaster or

cement.

F.  White Material Inside Denressions from Behind the Plaster After

Removal
Data:
soluble CI - slightly positive
NCI'3 - positive in very large concentrations
CD3 - positive [(major)
Cat+ - positive
«C:‘aSIL’JI4 - negligible

Conciusions:

This material that seemed to be a core in the center of these depressions
can be defined as calcium carbonate. It appears to be a slaked lime that
wasn't finely enough ground or not roasted. Because of the high
correlation between these white spots in the pits, as freshly revealed
when the plaster and design were removed and existing on the pendentive
area in areas of extensive pink plaster loss, we were curicus if they wepe
somehow related. A similar situation occurs in building bricks when the
saltpeter isn't distributed evenly, causing "hot spots" which explode and
remove small chips of brick, Howewver, the chemical tests reveal that this
is not the case. They may, though, represent a weakened area in the
piaster that when subjected to considerabie humidity will simply fall, the

center being the corncentration of lime.

Christopber Stavroudis
Chemical aAnalyst
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*glair - beaten egg white

#¥#Thg church at Tumacacori has been called 5an Jose de Tumacacori since
1753 when the site was moved from the east side of the river to its
present site. In 18471 the priest in charge of the structure refers to it in
his inventory as La Purisima Concepcion. For years it had been thought
that this was simply an owversight on his part, perhaps confusion because
of the prominent position of a figure of La Purisima. It is the author's
feeling that it may hawve not been a simple error, but that his naming the
church may have been encouraged by the fact that the sanctuary was
definitely decorated in her honor. The pendentive affected by the paint
lost contained 2 well, the other pendentives--a walled city, a palm and a
cypress. These are 4 of the 12 distinct attributes of La Purisima

Concepcion.
tests used:

FE++; small amount of sample (c. Irnrnz} is warmed to dryness with con
HCl in & concave microscope slide.  The residue is redissclved in HOI,
and a drop of NA ,Fe (CN}E {Sodium Ferccyanide). A deep blue ppt. will

form arcund the pigment particles and residue.

CDE: dilute HCI is added to sample. Effervescence of C'DE is

characteristic.

Nos: dry sample is attacked wilth con HESD4 and a drop of diphenvl

amine {or dipheny! amine sulfonic acid, barium salt). A deep purple

color forms.

EO, stirred or mixed. The HED is removed

{it should be clear, if necessary decant}. To the clear HED add aAg+,
MO

Cl: sampile is mixed with H

3 selution; milky white ppt. indicate soluble chloride {or other halide}.
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Hg5: sampie is warmed with agua regia (4-1; HCI—HND,&J. If sample is

fairty large {i.e., Immzj H,3 could be smelled {rotten egg). The red will

e
not dissolve in any con strong mineral acid, thus it can be identified on
basis of solubility in acids. [f confirmation is desired, dry the agua

regia. Place a c. 2mm drop of H,O near sample site. Add a few crystals

of solubie cobalt salt and 1 orEE crystals of KSCN. Draw some of the
drop across the reside. Deep blue crystais that persist in 1% HNG, will
ferm in a Tew seconds, confirming the presernce of Hg++, This is a
difficult test to perform accurately with repeatable success.  This s

based on article in Studies in Conservation, wol. 17, (1972), pp. 45-69.

C5504: treat sample with dil HCI, dry, and examine microscopically.
Needie-like crystals will form and these crystals forming asterisk patterns
indicate CaSOqﬁ Mote: If concentration of CaSDq over spot area is loo
high, the crystals cannot he seen, necessitating repeat with a smail

portion of crystals.

Ca++: react sample with wvery dilute HESD4. Dry. Test for CaSQ,.
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B: GIFFORDS-WEAVER REPORT

REPORT ON THE CONDITION OF THE PAINTED INTERIOR SURFACES
OF THE CHURCH AT TUMACACORI MATIONAL MOMNUMENT

This report follows a week of investigation, discussion, and analyses of
the condition of the paint, plaster, adobe and fired brick by a consulting
team made up of Gloria Giffords, art bhistorian/conservator, and Martin
Weaver, architectural conservator. Mr. Anthony Crosby, Tumacacori
Project Coordinator, provided an introduction to the site and its problems
and an outline of areas to be considered. Members of the Western
Archeolegical Center were present for a morning to discuss what their
facilities could provide in way of analyses. They took some samples and
undertook to report their findings. {n addition, Christopber Stavroudis,
chemist and apprentice conservator, was on the site for two days
providing the team with spot tests for efflorescence and analysing of
anionic salts, as well as assistance with an experiment trying to determine
the possibility of disturbing the transmission of meisture and salts by

electro 0sMOoSsis.

Because there is evidence of current destruction of the wall and the
remaining decoration in the sanctuary, and because our conclusions about
the conditions of the walls and the possible methods of treatment would
apply to the rest of the church, our efforts were concentrated in the
sanctuary. Ewvery sguare inch was examined to determine the condition of
the paint, plaster, build-up of dirt, and the extent of efflorescence and
subflorescence. Comparisons were made of present conditions with those
shown by a series of photegraphs taken owver the last three vyears by
Tony Crosby, and by other photographs taken in the 1930s and 1940s.
The plaster was tapped over all four walls and up toc about seven feet
into the dome to determine the extent of detachment of the plaster;
samples of efflarescence were taken and analyzed; samples of paint and
plaster were taken for analysis; a trial removal of the FVYA applied by
Gettens and Steen in 1949 was tried; an experimental test area was
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eslablizshed in the dome where different solwvents were used as removers,
reforming agents; and where soluble nylon was tried as a binder. The
dome and areas of efflorescernice were examined under UV light both in the
dey and at night to determine the extent of efflorescence and 1he
potentials of using the UV as & detector for incipient efflorescence.  Spot
tests were made Tfor slarch binder and for plaster composition. An
atlempi was made io establish whether there were significant differences
in electrical potential between the ground, the lower part of the wall and
upper parts of the wall; or between ane part of Lhe wall and another. |If
present such differences could cause the establishment of 3 large galvanic
cell which in turn could "pump" water and dissolved salts up the walls or

through the walls In the direction of current flow.

Additionally, the retable wall was examined with remaining evidence and
compatred with the ‘reslored" retablo used in the site's museum digrama
and publications. All the remaining decorations--the friezes, pendenlives
and retablo--were individually examined to determine their condition and
tmmediate danger of destruction. The wooden lintels of the windaws and
doots in the entire church were scrutinized as well as the general
conditicn of the plaster. The condition of an endangered medallion in the
retable area was assessed and a plan for its immediate conservation
outlined.

Based on the tactile, wvisual, and chemical examinations, the following
putline is proposed for the continued preservation of the painted surfaces
and inlericr of Tumacacori. 5S5ome of the suggestions-such as analyses of
pigment and binder--have begun to be acted upon as a result of this

weak's work--but are included here anyway as part of the gwerall plan.

A Environmental Modifications

There is a heavy layer of dirt and dust on the rough surfaces of the
walls, accumulated in the texture of the pilaster and cement repairs, and
an all horizontal surfaces of cornices and retabla stucco work. 8efore
the remowval of the disfiguring asccumulation there should be some attempt
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made to centrol or inhibit 10 a agrealer degrese than now, the amount of
free dirt and dust. Before the circulation of air-borne dirt can be

reduced or eliminsted one must consider = number of possibifities:

1. Filters on well-sealed windows might allow the passage of air
and whatever benefits circulating air would provide to the upper

sanctuary.

2. There is the possibility of closing lthe windows entirely in the
sanctuary. Why are the windows allowed to circulate air? 15 there any
benefit and deoes this benefil outweigh the disadvanlage of allowing dirt to
erter the building?

3. I it not essential to consider filtering or c¢losing the cutside
gpenings to the sacristy as well as closing or controlling the air flow
through the door belween the sanctuary and sacrisly?

4, The main door to the church which is left open all the time
should either be closed afler admitting wvisitors or perhaps the present
door modified with a smaller opening within the main door, i.e. a "wicket
door.” This is appropriate in most Mexican churches of this type. San
Xavier, Caborca, and Tubatama can be cited as axanples in this same
mission chain. The facl that the design for the door was taken from the
church at S5an lgnacic makes this an even more legitimate salution
esthetically and historically.

5. Althouagh not invelved with the control af dirt, concideration
should be given to the placing of UV filtering plexiglass in the windows
of the sanctuary and nave. Because of the electrostatic atlraction
plexiglass has, a sheel would have to be sandwiched between glass, or a
UV filter bonded to mylar might be available for simple attachment to the
ordinary gtass. The latter oplion would probably be less atlractive
because of the comparative low efficiency/high cost of thin UV filters. At
cerlain times of the day undesirably high tevels of UV radistion affecl Lhe

painted surfaces when direct sunlight falls on them.
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i+ It is conceivable that the inhibition of effigrescerice could be
gffected by lhe raising of the humidity in the upper portions of the
sanctuary. This is not a. permanent solution and would be just a method
of buying time wuntil the walls could either be dried out or the
transmission of salts halted by some other means, perhaps by the

establishment of designed active eleciroosmotlic circuits.

B. Survey of Ali Painted and Decorated Areas

1. Using a superimposed regular grid of limes of fine nylon
filament e.g. 2 ft. sguares, ewvery sguare inch of the church should be
photographed or recorded in an equally accurate manner - in black and
white and in  color. This would provide future conservators and
maintenance personnel exact areas of decoration and/or deterigration, so
that accurate monitaring of the condition of the remaining decoration and
wall surfaces could be accomplished.

C. Total Quantitative Analytical Analyses of Pigment, Binder and

EUEEDP'L
1. Would provide cerrect information for fulture conservalion and

stabilization.

2. Could allow conserwvation with materials known to be compatible
with original materials.

3. IT the stabilization of paint and plaster by the application of
another binder such as PVA or soluble nylon is necessary--the regction to

the previous stabilization should be predictabie.

g, Historical information on the pigments and binders might help
identify sources and decorators.

5. The identification of binder, if any, of the wall painting would

be inwvaluable in cleaning or future ctabilization work.

158



6. Any pertinent information should be tied nto recommendation
IIBII

D. Condition of walls and Paint and Piaster

1. Exact areas of loase paint, plaster, or detachment from the
adobe or brick should be included in the suprvey described in
recommendation “B". This would provide maintenance personne! with
exact information of trouble spots and aid in forecasting future

maintenance and conservation,

2. Replacement of plaster loss from adobe: A Himited "restoration’

of the exposed adobe walls in the sanctuary and nave consisting of the
removal of the cement bevel betwaen the plaster and the bare adobe and a
smonth coat of plain plaster to the original level applied after the surface
level had been determined by other existing examples or surrounding
evidence. This would dramatically reduce the amount of dirt available for
redistribution in and on the church’s interior, provide a homageneous
appearance, and provide stabilization benefits to the existing plaster
which in most cases is supported by minimal contact with the wall and
little 1f any contact with the floor. A limited restoration of the base-coat

only would satisfy the majority of the above criteria.

3. The exploration of an application of a “fixative" material to the
adobe surface that wouid prevent the continuous powdering or "dusting"
of the adobe, The need for reversibility and the ability of the material
to transmit moisture are important considerations in the selection or
development of, for example, a special PVA, or methyl methacrylate

Hfixative'.

4, Reattachment of plaster to the wall by means of an adhesive:

tests would have to be made to determine the feasibility and effectiveness
of attachment, and a technique to inject an adhesive between the plaster
and the adobe walls., While not entirely zaccurate, tapping the walis
indicated wery large areas of detached plaster, leading us to believe that
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after the stabilization of the humidity within the walls, the nexl priority
would be the realtachment of the plaster. Suggestions for materials to be
tested are calcium caseinate and Polyfilla (methy! cellulose), Epoxies
should not be wused. Because the epoxies are irreversible their use
cannoct be recommended in this case where there is a definite risk of

gpoxies accidentally getting into the paint layers.

Acrylic resinfinert filler mixes may be employed as injection media to

reattach large areas.

Experimental wall and plaster units should be constructed to
lacilitate the testing of the suggested conservation media before they asre
used on the actual building.

5. The amount of UV light avaiiable in the structure should be
determined before any recommendations for materials for the stabilization
of paint and plaster can be made.

6. An additional "probe" is strongly recommended to determine the
motsture levels in the MW corner of the sanctuary, above the pendentive.
'n fact, the continued destruction of the painted plaster in this area and
along the north wall invoiving the painted remains of ithe main retablo is
an  intriguing problem. Additienal probes indicating increases or
decreases in humidity or the transmission of sslts might provide clues
before wide ranged destruction resulted. Frankly, though, without some
dramatic therapeutic treatment, if the moisture continues to spread and
the efflorescence proceed, there is little we can do except record the
destruction. Conservation treatments for the surface cannot succeed until

the protlems of the damp and salts are soived.

7. The system of disturbing the iton flow of salts and moisture
through the wall shouid be pursued by additional tests with the proper
equipment to determing differences in electrical potential. The inhibition
of itransmission of moisture to the surface of the church's interiar and the
growth of salt ¢rystals holds the most important key to the preservation
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aof ihe remaining painted and decorated plaster in the area above and
below the cornice in the sanciuvary. Differences of as little as 5-10 mv
may be significant in initiating current flow which will transport water
and dissoived salts through the masonry. WNegatively charged {anianic}
salts e.g. ¢l can thus be concentrated al the solution ront and will in
turn cause the build-up of progressively larger negative charges. The
tatter result in mare current flow hence more moisture and more salt

transportation.

The measurement of the charges musl thus be accurate to 1 mv and
careful attention must pe paid to the quality of the contacts between the
electrode rods of the test meter and the adobe masonry.

E. Cleaning

After the church's walls and dome are stabilized and there is
assurance that the maisture contents of the walls have been appreciably
lowered and loose paint and plaster have been reattachead:

1. The walls and cornices should he wvacuumed with a reduced
system to remove loose dust and accumulated dust.

2. Certain areas mighl be wet cleaned. After testing pigments and
binders for solubility in water, limited tests were carried out using
distilled water and wet-strength tissue poultices to leach-out salts. The
poultices certainly removed surface efflorescence and some subflorescence

and not surprisingly some surface dirl.

F. Determine by correspondence, test, and observation exactly what
areas had been conserved previously, how they were reacting now, and
place this data on the survey mentioned in "B". There are certain areas
in the sanctuary that show distingt differences in color. If is a good
possibility that this was the result of & paint stabilization program that
took place in 1948. Sampies were taken from surfaces treated by Gettens
and 5teen. The samples have been submitted to the laboratories of the
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Western Archeological Center in an attempt lo establish whethear the PVA
formulation has been the subject of undesirable aging phehomena e.4g.
colar changes, changes in permeability, changes in thermal expansion
characteristics. Such changes due tg aging could explain what some

observers claim is a fairly recent marked increase in deterioration.

Further samples were taken to  establish  whether wvarious
sulphate-reducing and other forms of bacleria are responsible for areas of

slaining and efflorescence on the painted plaster surface of the dome.

IF bacteria are found 1o be present, the solution of the moisture and

salts probleams is again of paramcunt importance.
G. A checklist should be made for on-the-site personnel to follow.
They should monitor equipment, provide cleaning when necessary and use

the survey ("B"} for reference in detecting preblems should they arise.

H. Structural Members

Although there isn't any immediate danger of the failure of the walls
ar plaster abowve these areas, consideration should be given to the
replacement of termite riddled lintels over windows in the apse and
repiacement of the missing lintel owver the door to the sacristy. If
complete replacement isn'L possible, the alternative of wsing the termite
tunnels as tubes into which to inject an époky as a replacement for the
missing wood might be considered. (Reference fo this system is available
in the [IC-Oxfard preprints, 1978.)

l. During cieaning and examination of the painted surfaces additional
plans or ideas might arise Llhat would entail further stabilizalion and

recommendations.
If there were 1o be priorities assigned at this moment, we feel the

conservation of Lhe paint and plaster by the prevention of any more
passage of salts and moisture would be the first. After the walls,
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plaster, and paint have dried out and become stabie, then reattachment, .

mapping, replacement, and cleaning all fall in line.

Gloria Giffords Martin Weaver
Conservatar Architectural Conservator
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. C: SPOT TESTS FOR ANIONIC SALTS IN SANCTUARY

NMumber Locations and Anions Fresent

1 Efflarescence from dome surface, {approximately 1 meter
above carnice along west side of dome)
{Honfluorescent)

NOE CL 504 CDS
- - + trace
2 Efflorescence from approximately same spol as Na. 1
{ Fluorescent)
NO
3 CL 504 'ICCJ3
- - Lrace ++
. 3 Efflorescence from same location as Ng, 2
{ Nonfluorescent )
N‘D3 L 5(:]!_1 C03
- trace + +
9 Efflorescence from dome

{ Nonfluorescent}

N"D3 CL 504 COE
- - it -
140 Efflorescence from dome
{ Fluorescent)
NC}3 CL 50, CO4
- - " -
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17

12

13

14

15

6

Efflorescence on cornice above MW pendentive

N03 CL 504 COB

Lrace - + +

Efflorescence; 1 of 3 samples from above. HNW pendentive,
sbowve cornice by 0.5% meter, (first layer)

NO3 CL 504 CO3

- Irace trace +

Efflorescence at same location as No. 12 from friable plaster
itself {second laysar)

N03 CL 504 CO3

+ + trace ++

Efflarescerice from inner layer. Same location as MNe. 12
{(third layer)

NO CL 50

3 CO

4 3

Efflorescence on brick above NW pendentive

N'f_il'3 CL ':uDd CD3

+ tirace ++ trace

Efflorescence over west volute of retable associated with
exposed adobe

I\.IIL','I'3 CL 504 CC}3

* - trace ++
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17

18

12

20

21

22

24

Efflorescence above toms moelding fmmediately abowe south
corner of NW pendentive

MO cL a0

3 co

4 3

Square patch cver NW pendentive, 0.4 meier above cornice
{Not Lested}

Efflarescence just west of roiute below deteriorated plaster.

MO CL 50 cO

3 4 3

trace - + trace

Efflorescence above deterforated plaster approximately 1.0 meler

above cornice, NE corner. This is an area of more recent
deterioration.

MO CL 30 co

3 4 3

Efflorescence in deteriorated plaster approximately 0.5 meler
above cornice centered on NE pendentive.

MO CL =0 co

3 4 3

Efflorescence from vyellow stained ptaster. 1.0 meler abopve

carnice, directly above north jamb of west window.

Efflorescence from yellow stained wash. 1.0 meter abowve
cornice, directly abowve north window jam, west dome
surface.

MO CL 50 co

3 4 3
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25

26

27

28

28

30

Efflorescence an plaster immediately betow sample No. 24,
not in yellow area.

N03 CL SOI,_1 'lC'D3

- + trace ++
{brown)

Efflorescence on yellow stain, approximately 30cm above
MNo. 24

NDS CL 504 CDS

Elfflarescence on yellow stain area 1.10 meters above cornice
approximately 40em. north of window fam. Wesl sanctuary
wall

MD'3 CL 504 CDB

Efflorescence fram the surface of fired brick; west side
of dome. 30cm above LVDT

ND3 CL SO_{1 CD3

- - i+ ++

Efflorescence, west side of dome; immediate wvicinily of
structural crack; 4f8%cm above cornice

ND3 CL 504 CDE

Efflorescence from plaster at area of spalled and missing

finishes
ND3 L SD4 CD3
itrace - ++ +
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31

32

33

34

35

36

Efflorescence on yellow stain immediately above cornice,
approximatefy 1.5 meters above cornice, directly abgve end
of cornice wast side

NCI'3 CL 504 CDE

Efflorescence on yellowish stain above NW pendentive 1.5
meters abowve carnice

MO CL S0

3 co

4 3

trace - ++ +

Large glob of white material in plaster. South side of dome,
0.7 meter above cornice.

ND3 cL 504 CDB

+ + trace ++

Efflorescence on brick, south side of dome approximately
1 meter above cornice

NO CL 50 co

3 4 2

Efflorescence from dome, south side; from plaster, no wash

NDE CL 504 CD3

Efflorescence from brick; yellowish under regular as weli as
U.v. west side of dome, 1.% meters above cornice

ND3 CL 504 C03

? - trace trace +
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37

38

38

40

Final wash; lower portion of sanctuary, NW corner .

{Test shows it is not calcium carbonate}

wWhite mortar used to secure molding in retablo {molding for
broken pediment)
fTest shows it is not calcium carbonate)

I"'J'D3 CL 504 CDE |

Efflorescence from plaster abowve NE pendentive;
approximately 0.7 meter from cornice

N03 CL SOG1 C03

Efflorescence from yellow stained wash above NE pendentive

ND3 CiL 504 COB .

trace - + ++
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D: EXPERIMENTS WITH ACRYLOID B-72 ON TUMACACORI FLASTER

IRTRODUCTTOR

Two samples of painted plaster from Tumacaceri were examined over a2
period of approximately twoe months. The intent was to lock ar moisture
transmission qualities and to gain some fnsight 2: to how they are
affected by the application of Aeryloeid 8-72, used as a2 comsolidant.

This acrylic resin was used during the conservation testing at Tumacaceri
during August of 1981, and it is anticipated that it will be utilized

to some degree during the actual coaservation work. The effeces of
soluble salts and repearted wetting-drying cycles on the B-72 treatment
irself were alse a concern and che testing was oriented to address this
as well.

The two plaster samples were fragments of the church®s original plaster
floor and these okservatiens may not be directly applicable to the
plaster on the surface of the dome. However, the physical, mechanical,
arnd chemical properties of both the floor and dome nlaster are very
gimilar, hense reasconable comparisons seem entirely suicable,

HMETHOBDDLOGY

Two plaster samples were cohserved initially just as they weres recovered
frem the field. They were relatively clean of so0il encrustations, al-
though some s50il did remain, The finish nlaster surface of Sample B was
cleaned with light brushing and paper pulp and water poulticing. Both
zamples were irrepgularly shaped originally, bub Sample B was trimmed

in order to give more wniform results from the capillary rise - weight
galn rasts, The other sample, Sample &, was not trimmed and was used
only during the inirial observations. The two plaster samples are
dimentioned below., Fample B is as it appeared afrer trimming.

S
b PN ."#‘ e o
- * i
. e ] .-"";'.'
Lk i - oL
e Y ", -
ol < S
f‘f -'I* \T\ - IJ:;,’.‘.R'. r
e r \?i‘::: T iR
:- F t:: ‘.::, " -'l‘ 1# - -“,:‘ LY i ﬁ
¥ VIR
“"\‘E« .
Sample A %ﬁh‘ Erm. ) Sample B

ﬂl% the tegts ware conductad at a room temperature that varied betwesen
63" and 7> fahrenheit and 2 relative humidicy rhar varied between 38%
and 50%. At the beginning of each test the samples were weighed and
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then placed on end into a dish that comtained either plain tap water, or
g solution of sodium chloride. The ldquid was kept at a constant depth
of 10 millimeters with the sample in place. The sample was then weighed
periodically and the surface capillary rise measured. This process was
continued until the capiliary rise was complete and free water temalned
on the surface when the sample was removed from the water. The sample
was then allowed to dry at the ambient conditions, weighed periodically
until edquilibrium was reached with the conditions in the room and the
weight no longer decreased. The results of this process on the untreated
Ssample B are tabulated in Tabhle 1.

Afrer the initial capiliary rise — weight gain test, Sample B was treated
with a 10% solution of Acrvyloid B-72 in toluene. The following sketch
indicataes the areas treated.

The resin was brushed on both areas on the finished surface, the back

or unfipished raw plaster, and the two corresponding raw plaster edges.
The application was repeated three times in the three-treatment area.
Fpllowing the third application some of the resin remained on the finished
surfacae for several minutes. The plaster was then set aside for one week
before additiconal sxperiments were undertaken.

Aftar each subsequent canillary rise - weight gain test the sample was
chzerved under  to 14 power magnification and the chservations were
noted. Efflorescence was removed with a paper pulp poulcice prior to
beginning the next test. The results of the exveriments were organized
in tables and some of the results were also recordsd photographicallwy,

RESULTS OF THE EXPERIMENTS

Plaster Sample & was exposed to the capillary vise - weight galn test on
two different oeecasions, but rhe resultzs are not included. However, one
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very important observation was made. After drying, there was clear and
discinct evidence of a yellow stain on the upper portions of the sample
fupper, in terms of the relationship to the capillary moisture source).
Thisz stain ia very similar in appearance to the vellow staip that exisrs

on larpge portloms of the surface of the sanctuary dome., The stain on the
sample also migrated as it was yewetted just as did the stain on the doma,
The second rest on Sample A simply appeared to add to the concentration of
the vellpw stain. The stain was most prevalent on nedes on the raw plaster
edge and on the finished surface. Later the finished surface was cleaned
with an ammonium carbonate poultice and the stain came off easily.

Sample B was subjected to the capilllary rise — weight gain tesr on six
different occasions. The results are in tables one through sizx. An
examination of the rtables shows one wery obvigus trend, After an initial
significant effect on the weight gain of the plaster, on repeated cycles,
the resin losr some of the effectiveness, Specifically, Table 1 shows a
weight gain of 7.2 gram after 2 minutes while Table 2 shows only a weighe
gain of 0.1 grams after the same elapsed time of a treared Sample B. The
results of the second test on the treated sample, Table 3, shows a gain
af 1.4 grams after 2 minutes. The weight gain on the next test, Table 4,
is up to 4.4 grams. By the last kest, Table 6, the weight gain is 5.8
orAmS .

The tests reported on in Takles 3 and 4 were conducted with a sodium
chloride soluricn. While there was some efflorescence afrer the Eirsc
test using tap water, {f was minimal when compared wich the efflorescence
on drying afrer tests 3 and 4. The efflorescence formed primarily on the
untreated portions of the treated surface after test three, but began

to form on both the treated porrions of the finished surface afrer test
4, Tn comparing the treated areaz, the cfflorescence was much heavier

in the one-rreatment area than in the rthree-treatment area. Figures la
and b are twe photographs of the rear or unfinished aide of Sample B
after the drying associated with test 3. The efflorescence was removed
prior to tiie next test by poulticing with pamer pulp. After the poultice
was removed, tho plascer was allowed to dry again fo equilibrium at the
ambient room ¢conditlions. When the drying was completed, surface efflore-
scence did not reappear to g significant degree. iHowever, the presence
of zome salt could be dJetected with a light under magnificaciom.

Tests 3 and & were conducted using room Cemperature Lap water again.
Figure Z is a photograph of the front or finished =side of plaster after
drying associated with test 3. There is certainly Some variation in the
amount and distributiopn of the efflorescence, but there appears to be
little difference in the one-treatment and three-treatment areas. In
addition, visible surface decay bepgan to occur., This decay is in the

form of more friazble raw plaster edpesz, fractures near the plaster
perimeter, Fipure 3, a more rough surface texture, and a general nowdevine
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of the surface. The powdering and increased roughness of the surfaceo
resules as individual sand particles are isolared as the calcium car-
bonare binder erodes awav, and as small sections of the surface is
pushed up from the original surface plane. The erosion of the caleium
carbopate hinder can be scen in the photographs of Figures 4a and &b,
Examples of the zurface being lifted are pointed out in Fizure 5 and In
the =zketch below.

e ol

In this latter ease, the salt c¢rystals, lifted the surface material,
then recemented it Iin place., Hdowever, when the salts went back into
solution as the material was rewerted, the separated ares would rome

of f under minimal pressura,

The amcunt of visihle efflorescence gfter test 5 is much less than after
previpus tests. However, the decay of the material is significane. It
iz obvwicus at this point that generally, the actual surface decay iz more
significant in the untreated areas of the finished side, although there
are some arsas of severe decay in the one-treatment areg as well., On
the back side af the plaster, decay has cecured on the one-trealment
portion. The untreated area with the excessive salt buildup does not
show as much decav, probably becanse rhe salts continue to bind the

sand particles together. BHo effloreacence is visible on any of the
kreated areas of the back side. The heavy salt concenkbration above

a diagoenal line near the upper thicd of the sample could define a
natural clearage plane In the plaster.

Some plaster fragments 2lso began to come off I[n the dish during tesc &
and is subsequent tests. The losses after tests 4, 5, and 6 were
consistant as the weight of the loss material was 0.5 grams, 0.4 pgrams,
and 0.4 grams, respectively, However, as additiomal wetting resulted
in 4 much more significant loas of an approximately four grams.
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After test 3, the Acryloid B-72 was clearly visible on the surface. After
test 4 the B-Y2 appears to have been pushed from the surface, was somewhat
fuzzy, and some had disappeared. Tt remained clearly visible afrer the
subsequent tests In fhe three-treatment acvea. One of these is pointed

cut in the detailed photograph of Figure B,

During and after the final test 2 conductivity meter was used to further
indicate how the moisture movement on the surface of the plaster was
affecred by the rtreatment with the Acryloid B-72. The sketches of Figure
7 represent the visible presence of moisture on the surface matrerial and
the relative conductivity aof the surface.

CONCLUS 103

The conclusions can best he thought of as (1) those chat rolate to the
effect of the Acryloid B-72 treatments on the slascer's water transmission
properties, (2} the effects of the wetting—drving cyeles on the treatment,
ad {3} the owerall effectiveness of the resin as a conselidant.

The mevement of water is definitely affected by the acryleild B-72 treat-
ments.  In the area that was treated with three applications, the ecapillary
movenent was affected the mose initially, although the difference between
the one-treatment and three-treatment areas became less in each subsequent
cyele. The reatrictlom of the movement of moiseure in these areas eventu-
ally resulted in an increase of moisture into the nontreated areas and
additional decay could have beewn the results of this added moiscure move-—
ment. 9Of course this iz of ainimal importatce 1f a =ignificant amount

of meisture is ae longer moving through the material, which appears to

be the case tn the dome at Tumacacori.

The repeated wetting-drying rycles do have an effect on the treatmentg
itself. The continual increase in molsture movement and weight gain in
gubaequent tests gives the best indicatdion of this. The inereasced decay
in the treated areas associated with additional cycles also indicates a
less in effecriveness,

While there should be consideration of the effects of the treacment on

the plaster and alsc consideration of the effects of the repeated wetting-
drying cyecles on the rrestment, the overall conelousien is that on this
particular material, Actyloid B-V2 appears to be an effective consolidant.
Some of the problems that mighrt have been expected, such a delamilnation
because of the dissimilarity of the treated and the mmtreated areas simply
did not occur,

In fact, the surface delamination that did occeur was related to the
crystallization of the soluhle salts which occurs more in the untreated
argas. iAlso, the cracking along the periphery of the plaster sample
occured less in the three-treatment areas. These latter cracks and
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fissures probably result from the wetting and drying cyeles as one parion
of the plaster, the cutside edge, has a much larger evaporation surface
area velative to itz mass than the portion of che material on the other
side of the crack.

Obviously, the treatment can be applied too heavily as cecured in the area
which was treated three successive times., This arec dereriovated less
than the area that was treated just once but the presence of the film in
small amounts 15 a distinct disadvantage that should be guarded apainst

in sebsequent use of the consclidating material,
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TABLE 1: WEICUT GAIWM TABLE 2: WETGHT GAIY
TUHMACACORL PLASTER SAMPLE R TIMACACORT PLASTER SAMPLE B
UNTREATED; TAF WATER TREATED: TAP WATIR
Elapsed Time Capillary Rise Weight Gain Elapsed Time  Capililary Rise Weight Gain
1 min. 25.8 mum. 4.9 grams 2 min. 0.1 grams
2 min, 28.5 7.2 7 min, 0.2
4 min. 35 g.4 16 min. 0.4
B 62 1d.1 41 min. a.6
30 61.53 15,1 55 min, 2.5
1 hour T4.6H 19.1 2 hrs., 21 win, B.7
2 hours oy 23.8 i hrs, 11.¢9
3 hours completa 25.8 3 hrs., 30 min, 14.0
Free Water ¢n Surface 27.6 18 hrs. 23.3
Drying Weight Loss Drving Weight Toss
1 hr., 30 ko, 2.1 30 min. 0.7
3 hrs. 5.3 3 hr=s. 3.5
18 hrs., 45 wnin, 22.1 4 hra., 45 min, 5.2
21 hrs. 2407 6 hrs. &.6
27 hrs. 264 4 hrs. B.7
’ 24 hrs. 16.3
| 32 hrs. 19.0
l 120 hra. : 23.7




TABLE 3: WETGHT GAIN
TUMACACORT PLASTER SaAMPLE T

TREATED; SATURATED E0DTUM CHLORIDE SOTUTEON

TABLE 4: WELCHT GAIM
TUMACACORY PLASTER SAMPIE B
E-72 TREATED; Mall SOLUTION

Capillary Rise mm.

Clasped Time Capillary Rise,Mm. VHeight Cain Flapsed Time
2 min, 1.4 prams 1 min.
7 min, more in l-treatment arsa 2.8 2 min.
12 minm, 3.9 5 min.
20 mir. jES in 1-treatment area 5.3 0 min.
£B %n J-treatment area 1 br,
30 minm. 1329 in l-treatment area® 7.0
47 min. L25 in 3~treatment ares 7.4 2 hrs.
1 Ar., 1 min. fﬂu on both side 10,3 j :I:' 45 min
1 hr., 16 min. 432 on Eront side 1.3 T
2 hrs., 26 min. 15.5
y 3 hrs., 20 min. 15.0
@ & hrs., 70 min. 8% on front 20,3
5 bra., 30 min,|complete 23.0
¥ hrs,., 45 min, 25.3

* Capillary rise on back side is far below the rise on
the fromr, or fionished slde.

25

531
65
B3
93

cemplete

Weight Caim

G.4 grams
5.4
6.2
1.0
14.7
1%.3
22.6
23.6
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TAELE 5: WEIGHT GAIN TABLE &: WEIGHT GATN
TUMACACORT FLASTER SAMPLE B TUMACACORE PLASTER SAMPLE R
B~72 TREATED; TAP WATER B-72 TREATED; TAP WATER
Elapsed Time Capiilary Risc,mm, Weight Gain Elapsed Time Capillary Rise, mm. Weight Gain
1 min. 4.7 grams I min. 4.3 prams
3 min. 5.9 2 min. 5.8
7} min, 7.9 4 min. 7.0
16 min. 9.6 15 min. 9.8
1 hr., 3 min. az 1R.5 20 min. 12,1
1 hr., 45 min. a3 19.3 30 min. 13.4
2 hrs., 24 min. 94 21.6 A0 min. 148
3 lirs. near complete 23.0 1 hr. i7.4
3 hrs., 45 min. near complete 23.6 i hr., 30 min. 15.7
4 hes., 20 min. completea 23.8 2 hrs. 2i.8
2 hrs., 30 min. 23.4
3 hrs. 24,3
4 hrs, 25.0
5 hrs. 25.1
Nrying Weight Loss
1 hr. 1.8
2 hrs. 3.4
3 hrs. 3.0
17 hya. 16.4
21 hrs. 17.7
24 hrs. i5.9

% See shetchesz, fipure 7 for more detailed data on
capiilary rise.



Figure la: Rear or unfinished side of Sample B after the deying

associated with test 3.

Threge-treatment area 1s nn
the upner right and the one—treatment ares is helow it.

Scale: approximately gctual size.

Figurs lbt

Detail of Fisure [z showing heavy elflorescence.
Scale: approximately threc times actual size.
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firure 2t Fromt or finished side of plaster Sample B showing
efflarescence which formed in associated with resr &
drying. Treatment areas are at the wpper and lower

right. Secale: actual sire.

Figure 3: Deeail of plaster Sample B showing edge fractures,
. Scale: apvroximately Five times acrual size.
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Pipgure ds: Surface dererioration of elaster Sanple B,
Sralot actual siza.

Figure Gher Ibail of F]‘._Hu'["‘e i, Scale: npprﬂxifm’itﬂl}? Fria
tines Actusl size.
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Ficure 5:

Dotail of the unper tinht of sizsrer Zamnle B
where gmall seceions have lifted Crom the Finished

surface. Scale: aporoximatcly four timos actual size.

Deeail af the center right portion of olaster
Sample B showing the remains of some Anryloid

B=72 which vemained on thoe surface. Seaio: ANBTON—
imately four times artual size,
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Figure 7: Back side of plaster Sample B showing wvisable capillary
rise and relative surface moisture readings after 1 1/2,

2 1/2, and 4 hours, respectively. The blue areas are
those which appear to be wet.

Figure 8&: Front side, or finished surface of plaster Sample B
showing the formatiom of =fflorescence after 2, 3, and
18 hours respectively. The intensity of the gray areas
reprosents the amount of efflorescence.
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E: RECOMMENDED TREATMENTS IN THE 1978
HISTORIC STRUCTURE REPORT FOR TUMACACORI

The following recommended treatment indicates the basic direction of the
current project and as well as all the stabilization efforis at Tumacacori
since the National Park Service began its initial reiationship as the
caretaker of this nationally significant site in 1919, Although there
doubtlessly were grand schemes for the total restoration of the complex,
or at the wvery least, the total and complete restoration of the church in
the minds of individuals associated with Tumacacori over the past haif
century, there has never been but ane wiable treatment.

1. Preservation Treatment

This is the recommended treatment.

Preservalion aof what was the Mission of 5an Jose de Tumacacori
means specifically the preservation of that portion of the original
features, architectural elements, and material which still remain, It does
not mean the preservation of the post mission period materials. However,
within this preservation direction many post period attritions have become
& significant part of the overall desired experience at Tumacacori and
uniess they are contributing to the actual deterioration of the original

fabric they should also be afforded the same concern for their continued
exislence.

The reconstructed semi-circular pediment which compietes the
front facade of the church, the 80 feet of reconstructed Campo Santo
wall, the late 19th and early 20th century alterations to the extant
portien of the convent and the corridor are now an integral part of the
site and shoutd remain. The same is true of the nave roof and it, in
addition, provides significantly to the preservation of the church. Other
somewhatl less dramatic additions, such as upper portions of walis,
replaced linteis, and other basically stabilization oriented work alsoc
beiong.
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Howewer, there are many other additions which either .
contribute to the deterioration or detract from the significant part of the
resgurce. These additiens should be removed or replaced. |Ingluded ino
this category are the interior and exterior cement stucco and soil cement
coating and wveneers, the roofs constructed owver the granary and the
corridar, the building constructed owver the extant convento, and the

cancrete pulpit in the northeast cerner of the nawve.

2. Mo Treatment

This alternative calls for no significant action other thamn
routine maintenance. |l will not contribute to the preservation of the
complex. Basically this treatment is considered to be the neglect of a

significant resource. This alternative is not recommended.

C. EVALUATION OF EFFECT GF THE ALTERNATIVES FOR TREATMENT

L

1. Mo Treatment Alternative |

a. Ho Effecl .

The neglect of the resource will have an effect.

b, Adwverse Effect
The neglect of the resource will have an adverse effect.

The structures as they currently stand will continue to deteriorate at an

accalerated rate since they simply cannat be maintained.

2. Preservation Treatment
a. Ng Effect

The recommended 1itrealment will have an effect on the

resource.

b. No Adverse Effect

The eowverall project will have a beneficial effect on the

histaric resource,
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. GENERAL STEPS TOWARD RECOMMENDED TREATMENT

The general steps for the preservation treatment are divided into
three categories. The first category contains the work to be undertaken
and completed this summer. There will most likely be some wvaristion
depending on additional information which will come to light as the work
gets underway. Consequently, some of this work could perhaps continue
on inta the fall or some of the work scheduled for the late fall could be

undertaken during the summer work,
The second category is the work anticipated during the fall and the
third is the work currently anticipated for the spring and early summer

of 1979.

All work should be done under the superwvision of a preservation
specialist.

1. Action To Be Undertaken This Summer (1978}

a. Remove Cement Stucco

The most appropriate method will be determined by the
wark supervisor and the project architect. [n some extremely critical
areds, such as the rnorth exterior of the church, the exact detasrmination
of what is to be removed will be made during the actual removal process.
It may not be possibiz to remove all the cement stucco without causing an
unaccepiable amount of damage to the original plaster. The location of
the cement plaster which will be remowved will be designated in
construction drawings and shall include

the entire exterior af the west nave and sanctuary wall

selected areas on the neorth, south and east sides of the Bell tower

the base or lower portion along the south side and selected areas on
the north and east side of the sacristy

187



all the cement stucco and congrete an the campo santo wall

ali the cement stucco slong the base of the corridor

all the cement stucco and concrete on the mortuary chapel

selected areas on the south side of the church

fimited portions of the granary

b, After Remowval of Cement Stucco and Cancrete, Fill Voids

{discussion on page 117)

This will be accomplished with natural adobes and adobe
batts, fired brick batts, and mud and lime mortar. The poal is to
eliminate the direct access of rainwater to the wall interior and io prepare
the wall for later plastering. Consequently, the exterior wall plane will
not need to be brought back out to the ariginal plane except at a junction
or wall and original plaster. Construction drawings will be provided by
tha project architect.

. Remove Sall Cement Adobes from Church Interior

't may be necessary to remove the material by sections to
gliminate the loss of ariginal adobes which are shown. The actual method
of remowval will be determined by the work supervisor and the project
architect. There are several critical areas where the removal method may
vary. ©One of these is near the south side altar, west nave wall. The
areas inveolved are on either side of the nave and the south jam of lhe

opening to the baptistry.

d. Replace Soil Cement Adobes

The woids will be filled with natural adobes and mud
mortar. All loose friable material in the wvpids should be brushed clean.
The selection of the soii for the mud mortar will be the responsibility of
the soils laboratary at the Western Archeological Center in consultation

with the project architect.
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e. Partially Fill Hole in Sanciuary North Wall {(recommended

in Tumacacori Preliminary Report, Crosby, 1976, page 130)

The primary reason for this action is to supporl Llhe
original adobes above. A secondary benefit will be the partial eliminalion

of a source of dust which accumulates in the fragile painted plaster.

f. Remove Mud Fill in Holes in Original Lime Plaster

if woids exist behind the plaster, they should be filled
with lime groul. The holes themselves should be filled with lime plaster.

Specific formula mixes to be supplied by Lhe project architect.

g. Rebuild Bases of Piers

This will be done wsing natural adebes and mud martar
with the exception of number {3). The three areas are (1) the front or
south door, (2} the large pier on the south end of the nave, west side,
and {3} campo santo gate piers, with fired bricks.

This wili be accomplished with a lime grout. The formula
to be supplied by the project architect. The two major areas are {a)

the north side of the church, and (b} the west wall of the granary.

j- Remove Campo Santo Wall Cap and Replace

This should be done in conjunction with the removal of the
cemenl stucce on this wall, Details to be provided by the project
architect.

k. Acguire Molded Fired Brick for Later Use

This will be necessary for werk to be done in the fall or
the next spring when replacement of cyma recta cornice brick: Either

contract with & supplier or produce locally.

1. Repair Done Temporarily

Thiz will be in assoctation with the continued investigation

of the dome's exterior. Lime plaster aor groul to be used,
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m. FProvide Temporary Repair for bLower Portion of Canales

n. Eliminate Insact and Rodent Access te Struclures

A VIQorous  maintenance program  should be  initiated
immediately by the park o discourage the habitation of insects and

rodents in the structures. (Discussion on page 100.}

a. Replaster with Mud and Lime Plaster

2. Actiorn To Be Undertaken in the Fall 1878

a. Replace Wood Lintels
This will involve the replacement of some of Llhe wood
members In the church and the restoration of oathers, It may be

necessary to underlake this action on some of the exterior lintels when
the cement stucco is removed. |t also may be necessary lo replace some
of the interior lintals earlier if a critical situation develops. Details to be
provided by the project architecl. {Discussion on pages 20-39}.

b. Remove Concrete Blocks from Jesuit Church Foundation

The concrete block foundations are a wisual intrusion and
showld be repfaced wilh stabilized adcobes. The adobes should weather
but at a slower rate tham natural adobes. Details lo be provided by the

project architect.

c. Replace Scil Cement Adobe Wall

This wall was reconstructed in 1970 o replace & wall
recanstructed by Pinkley. 11 extends from the southwest corner of the
granary to the corridor. [t is a wisuwal intrusion and should be replaced

with natural adobes.

d. Replaster (nterior of Cisterns

The existing shauld be removed as should any cement

stucco and replaced with lime plaster.
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a. Remowve Concrete from Drain Located Martheast of Cisterns

r. Remowve Metal Structure Ower Corridor

The metal struclure is a wisual intrusion and is also
adversely affecting the sacristy Lo which it is attached. The remaining

walls of the corridor can be preserved by cyclic maintenance.

. Resiagre Griginal Canales on North Side of Church

The restoration work s necessary for the preservation of

the canales. Detaifs to be provided by the project architect.

3. Action to Be Undertaken in the Spring 1979

8. Drainage Svstem

The construction aof a subsurface drainage system is an
anlicipated action based on the results of the subsurface investigation.
It should be designed to incorporate any future drainage needs which can
be antlicipated. This work elemept seems logically to be 3 contract job.
Alz0 To include regarding.

b. Dome and Yault Repair

This will be based an furiher investigation but will include
major redesign of the drainage at the exterior base of the dome. It
shouid be undertaken in conjunction with the repair of the ledge around
the church and the parapel wall, probabiy by the same contractor.

<. Ledae Repair

The upper porlion of the ledge should be removed down to
original  adobes or earlier fired brick and replaced with a totally
impervious flashing after reconstructed up to its original height.

d. Reconstruct Upper Portions of Nave Walls

This work to be done in comjunction with nave roof repair.
{For discussian of upper wall condition see the Tumacacori Freliminary
Report).
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e. Repair Nave Roof

The delails of this work are pending on  further
investigation of struclural and functional needs. it will incorporate a

redesign or alteratigin of the present roof drainage system.

T. Repair and Replace Brick Cornice

This should bhe done in conjunction with the upper wall
repair and the rehabilitation of the nave roof. It afso includes the repair
of the exterior brick cornice of Lthe sanctuary done in conjunction with

the dome repair.

g. Canale Replacement ¢r Repair

This loo should be done in conjunction with the repair of

the upper nave walls and the roof.

f1. Remove Metal Structure Owver Granary

The metal building s a wvisual intrusion which disiracts
from the resource it is supposed to protect. What remains of the original

material can be preserved with a cyclic maintenance program.

i, Remowve Huilding Owver Extant Conwvente

Of Lhe three structures built over portions of the original
convents, this onme is the most intrusive and contributes most to the
deterioration of the resgurce., Compare figure 40 with ligure 44, The
removal of the bullding will pot constitute neglect of the resource since |t

can be preserved lhrough a cyclic maintenance pragram.

j. Replace Asphalt Walks

A tlrail system is necessary for practical reasons for the
handicapped and during Inclement weather. Hawewver, the current
material is wisually intrusive and should be repiaced with stabilized soii.
Also, the current trails are oriented to the existence of the slruciures
which cover the convento buildings to some extent. The change in this
situation will dictate a change in the trail system. A comparison hetween
the wisual impact of the asphalt trails and a more desirable situation can
ke appreciated when comparing the trails Ipcated to the east of the

church with the lack of a trail along the west of the church.
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F: RECOMMENDATIONS FOR FURTHER RESEARCH |IM THE
1978 HISTORIC STRUCTURE REPORT FOR TUMACACORI

A. CONSERVATION OF FAINTED FPLASTER

m conjunction wilh the conservation work to be done on the remowved
painted pendentive it will be appropriate to include the cleaning and
evaluation of the painted plaster in the sanctuary. The contractor will be
monttored and advised by the project architecl.

B. SUBSURFACE INVESTIGATION

An  additional subsurface inwvestigation is necessary to determineg the
subtleties of the subsurface capillary moisture source. The owverall
investigation should be planned and underiaken by Lhe Division of
Cultural Properties Conservation {WAC), with the ceonsuMation of the
project architect, who s responsible for the coordination of the owverall
project.

C. ARCHEOLCGY

The only archeniogical work will be undertaken in respanse o an
anticipated  subsurface disturbance related to  further subsurface
investigation, minor alteralion of the existing grade, the installation of a
subsurface drainage system, and any other preservation related
fnvestigation or activity which would potentially affect any subsurface

resgurces,

L. NEW DR REPLACEMENT MATERIALS

The optimum materials and methods for the preservation will continue to
be studfed on  site until the specific repair is undertaken. Some
variations of the methods currently proposed could be appropriale if the
removal of much of the exiraneous malerials such as the cement stucco

reveals extraordinary conditipns.
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E. EHNGINEERING STUDY QOF TUMACACORI'S RESPONSE TO SEISMIC
ACTIVITY

This study will be of a basic nature and consist of the comparison of
available seismic data with the structure's theoretical and anticipated
aclual  structural inlegrily. Much information is currenlly awvailable,
consequently a more thorough specific study is not thought necessary.

{See pages 7-1% for discussion}.

F-. INVESTIGATION OF UPPER WALL VOIDS

During the initial phase of architectural investigation several voids were
located along the upper nave walls of the church. It will be necessary to
gather more definitive information on this condition before actual repair is
undertaken and if possible, the extent af wvoids will be determined

nondestructively by a microwave scan.
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APFPENDIX &

United States Department ol the Interior

SATIONAL PYRK SERVICE

Jib Y ER 5ErYICE CENTER
755 Parfur Streex
P.Cr Box 23187

¥ REFLY REFER T(h Denver, Colorada 80X7%

December 6, 1982

H30 (TWE-DSC)

tHemorandum
Tao: Regional Director, Western Regional Office
From: Assistant Manager, AlaskafPacific Northwest/Western Team, 05C

Reference: Tumacacori, Pkg. Ho. 122, HMission Church Stabilizatiom

Summary of FPaint Conserwvation at Tumacacorl and Estimate cf

Subject:
. Work Requirad to Complete the Project

At the Cctober 1982 Work Sessien we agreed to submit a short summary repert
on the conzervation work carried out at Tumacacori this past summer and to
gresent In this zeport an appraisal of additional work required, along with
a cost estimate ko carry the project to completion. The enclosed repore,
prepared by Tony Crosby, presents this information. Although Mr. Crosby's
report is well illustrated and informative, it is an interim report only,
and should not be considered a final report on the work.

Yenneth Raithel, Jr.
Enclosure

ccl

Supt., Tumacacori, w/enc.

Chief, WACC-Ms, Martinm, w/enc.
Cen. Supt., S0AR, w/lenc.
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TUMALACORL CONSERVATION: A PI0P0SAL FOR THE COMPLETION G THE WORE

During this past summer a censervation team conposcd of service personnel and
painting conservators from the Internatiocnal Cenker for the Study of the Pre-
gervation and Restoration of Cultural Property (ICCROM} collaborated on the
comsarvation of painr and plaster in the sanctruary incerior at Tumacacori
National Monument. It was anticipated that this effort would complete this
last major portion of the Tumacacorl preservation project. The estimate of
the time required was included in the project design, "Tumacacori Conservation
Report: The Condition of the Paint and Plaster and a Proposal for its Treat-~
ment". However, the amount of time allotted was not adequate, Approximately
&0% of rhe work was completed leavipg 407 ynfFinished. The primary and most
important work was in the sanctuary, but some work was planned for the nave

as well.

Report on the Completed Comservation Work

The major items of completed work consisted of; (1} cleaning, {2} infilling
of decexiorated plaster, {3} stabiliration and consoclidation of the plaster,
{4} reattachmenr of paint, and {5) reattachment of plaster tea the adobe sub-
strate. Some of this work, specifically the reattachment of the pzint film
to the plaster, went much faster than anticipated. Other work, such as
cleaning the south side of the dome, and some plaster infilling went much
slower. In addition, a great deal of time was required to réemove concreste
and putty used inappropriately during previous preservation work. Consear-
vation work completed, with minor exceptions, from the top of the dome down
to the ejevation of the window sills (figure 13,

Folywin¥l and nceylic resins were used as consolidents and adhesives to some
extent when apprepriate, bur the majority of the work was completed using
unamended lime plaster, plain water, and tissuye. A basically conservacive
dppreach to resolvinmg the conservation problems was the principal consider—
arion throughout che projsce.

Vizual comparisions provide cthe besc information about the exrent of rthe
work, and 1cs overall effeet, Figuvres %a asnd b show a Before-and-after-
treatment conmparison of rhe lower porcion of the west surface of the dome.

Figures 3a and 3b show the condition of the painted volute on the upper portion
of the painted retablo on the north wall in 1976, In 1992 prior to treatment,
and after treatment. The JTast compariseon, Figures 4a and 4b shows the eptire
domae area before and after treatment.

The stabilization of friable plaster edges, the infilling of large cracks
and holes, and the reartachment of a loose friable paint film resulted in
twe beneficial effects. One effect is a visual consistency that zllows for
a greater appreciation of rhe remaining ovizinal paint and plaster. The
second effect is a marterial soundness which will ensure rhe continued
existence of the original fabric into the future.
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During this work several additiemal problems were wncovered, and one
previcusly identiffed problem was not completely resplved. One new problem

is the complete lack of structural integrity of the interior window lintels -
a condition that will not allow them to support the original wall plaster
attached to their surface, The physlcal conditiom of the wood was identifiled
earlier in the preservation project, but It was noet koown until recently that
this portion of the original paint and plaster was dependent on the lintel for
suppoTt. The problem probably can be reselved by conselidatlon of the lintel
with epoxy and reattachment of the plaster to the structurally sound lintal
which would result. Ancther problem was the need for some plaster consolidation
and rearrachmenrt 1o several areas on the exterlor of the building.

The previously {dentified problem of the reattachment of lime plaster to mud
brick walls was resolved to some extent by using polyvinyl acetate (BPYA) as

an adhesive, The FYA was Injected behind the plaster, between it and the

adobe wall, The other cases such as will likely eccur in the nave, this system
may not work and an alternative system using nylon screws may be more successful,
This latter system is new, but has been used successfully on mural palatinga in

Traly.

The suwccess of the conservation work was dependent to a large extent upon
the specific conditions at Tumacacori and the effectiveness of specific
techniques which had been developed elsewhere. However, ancther important
veasen for the sueccess was the skills of the conservators from ICCROM and

.the dedication and havd work by the park service ronservators. As the wark
progressed, the service emplovees began to dewvelop skills and a great deal
of sensitivity, which made the work proceed mere quickly and with better
results than when they first hepan.

This part of the conservation work involved rhree ICCROM conservators and

seven park service people. Four of the park service people were on training
azsignments, with their offices paving their salaries. The ather three park
service pecple were from the Denver Service Center and the Western Archeological
and Conservation Center, Their salaries were also paid by their home offices.
The arrangement between National Park Service and ICCROM gspecified thar ICCROM
would pay the salaries of their emplovees and the Hational Park Service would
pay all travel expenses. Consequently, the cost of the project to Tumacacori,
mainly In travel expenses was slightly less than 320,000,

PrchsaI for Future Treatment

The prapesal for the remaining conservation work is based upon the results of
the initlal testing and the success of the work this past summer. A third
important aspect of the proposal Is that if the remaining work can be under-
taken in a timely fashion, many of the same patrticipants will likely be availl-
able thus saving the cost of breaking in inexperienced people, The components
of the conservation work are generally the same as outlined at the beginning
of the conservation project. One exception Is that most, if not all, of the
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veattachment of the friable paint film with water and tissue paper has heen

completed. Another exceptien is the addition of epoxy woeod lintel consolidation

in the sanctuary.

The general components of the remaining conservation work are listed below:
1. Consolidate and reattach paint and plastar.

2. ©Clean plaster surface as appropriate.

3. BReconstruct missipng plaster a= appropriate.

&, Replace cement bead in lower plaster edge.

The extent of the remaining plaster consolidation work on the lower sanctuary

walls, in the sacristy and nave is limited. A much more critical siruation
axists on original plaster on the exterior north and south of the church.

The cleaning of the plaster will alse be limired, but a minimal zmount will
be done in the sanctuary nave, and baptistry. As was pointed ovt in the
"Tumacacori Conservatiom Report..." the decision on whether or not to clean
the dark sacristy walls is primarily an interpretive decision, as 1r 1s not
necessary from a conservation standpoint,

The reconstruction of missing plascer will alz=o be less extensive then was
necessary this past summer, but some 15 needed on the original plaster at

specific locations on both the intericr and exterior of the building.

The replacement of the cement bead has also been planned for this past summer,

bur it was not begun., Tt will be necessary aleng the lower edge of all original

interinr plaster.

The fellowing iz a specifie priorvity listing of the remaining conssrvation wark:

1. Complete the sanctuary work including the critical wood lintel conselidarion

tregaiment.

2, Consolidate original exterior plaster on the north sanctuary wall and the
south facade.

3. Feasttach delaminated plaster and repair edges and fill holes in the impore-
ant original painted plaster existing on the entrados, or underside of the main

arched doorway opening.
4. Consplidate plaster where necassary and raattach to the adobe walls.

5. Heplace cement bead oo the lower edges of original plaster in sacristy and
nave,

6. Clean walls where necessary.

The cleaning ¢f the sacristy walls is included as a part of No. 6§ but
probably should be conaidered of even lower priority,
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Prigrity Ne. 5 is very Inportant work, but 1s not listed as a higher
priecrity as it could be done by the Tumacaseori maintenance staff with zone
supervisicon.

This work could best be accomplished by two conservators whe would direct the
work and make the technical decisions and recommendations, assisted by four
additional less experienced conservators. The total of 3ix is preferable
over the number of nine and ten used during the previous summer's work.
Assuming a crew of six people with previous congervation experience at
Tumacacori the remaining work can be complated in approximately six wesks,
The approximate cost for this work will be considerably greater then this
past summer since salaries will have to be included this vear.

The cost estimate for the completion of all work excepting the cleaning of
sacriscy walls follows:

Travel (includes all travel related expenses such as air 312,000
and ground transportation and per diem).

Marerial costks 1,000
Salaries 24,500
. Total Tstiamted Cost 537,500

The salary rosts could vary considerably, depending on the base salaries
or grades of the individuals and their crganizations. 4 more detailed and
accurate estimate will have to be preopared when the make up of the team is
xnowm.

Recomnmendat ion

It 1z specifically recommended that the ¥atlional Park Sevrvice contact ICCROM

a5 s00n as possible to request their participation in the continuatiom of the
preject. It is al=o recommended thar those Natlonal Park Service employees

who participated previeusly be contacted to begin specific plans for putting
together a team to undertake the work at a time acceptable to the Superintendent
at Tumacaceri, the Region and ICCROM,

December 8, 1932
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™™ REFLY REFER TO:

pEnvER  Jg
APPENDIX H: COMPLIANCE DOCUMENTATION s o {35
' f the Interior} e
United States Department of the Interiorlz| o/ @)
NATIONAL FARK SERVICE S
WESTERN REGION e o
4350 GOLDEN GATE AVENUE. BOX 18063 CTeme 37
SAMN FRANCISCO, CALIFORNIA 94102 | E,E-:,ﬂg::;,
M30 [T ":I’ EME
(WR)RC May 25, 1977
Thy
t'i‘E_-
I TN":._
L Frogepm Lo
"'c.'n_s'&nlf'fat 1
Memarandum i F?!iir :
FOMHL Et'!

To: Chief, Western Archeological Center s ﬁfii:fJT —
Gereral Superintendent, Southern Arizona Group s —
Ssuperinfendent, Tumacacori ZaeyaT

From: Acting Chief, Division of Cultural Resource Managembaty k

Western Regicn

Subject:  Section 106 Compliance, Tumacacori Church - Hesearch and
Preservation

Enclosed are the commznts of the Advisory Council an Historic Preservation, .
dated May 24, 1977, which completas the compliance action,

Also enclpsad are copies of the Tetier of May 23, 1977, to the Advisory
Countil from the Acling Regional Direcior, Western Region, and the telelype
rassage of May 23, 1977, from the State Histaric Preservation Officer with
her cormments,

The enclesures should be added to the Tetter of May 17, 1977, to the State
Historic Preservation Officer from the Regional Director, Western Region,
copies of which were previously sent to your offices. This will tien
represent all of the compliance documsntation on the undertaking.

SIGNELD Tromas Do Nulhern, Ir.

Thamas 0. Mulhern, Jr.
Enclasures

cC:
HA50-560, Cultural Rescurces Management Divisian
DSC-TWE, Hanager, Denver Service Center
Attention: Assistant Manager, Pacific Northwest/Western Team
DSC-GE, Manager,Denver Service Center '
Attention: Quality Control and Compliance Division .
-ty Manager, Uenver Service Center
Attention: Historic Preservation Division
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Advisory Councii on
. Historic Preservation

1522 K Srrear NAY

Washingron, D.C. 20005

Hay 24, 1977

My, Bruce M, Kilgore

Acring Regicnal Director

Vestern Region

Yariensl Fark Service

450 Galdea Gate fvenue, Box 3B0A3
Son Francisco, Celifermia Q4102

Dezr Mr. Kilgere:

ay 24, 15977, the C
Narisnal TPark Servi
. seyvicns decizgnec o py

hisrorie srruccuyres at
vould not adwversely afic:
the lziionzl Tegiscer of
Birectar notes oo objecltion to your de

:? & derer=inztion frca the
igzn research and relzted
ari Church and relazed
al Momumenb, Arisona,

Sich is Included in
1The Tuecutive
srrinatian.

noer
T
[l
LT
*
o e
= i
]
o)
[ ]
A ey
s.

A copy of vour detsrmination of no adverse effect, 2icng with

turporling dafuzeniaticn and this cassurrenca, should be fncluded

in any assessmont or statement rvepared for this endertabing in
cupiiance with the Mational Envircnnencal Policy Act and should

be kept in vour records as evidence of your cooplicznce thh

Section 105 of the Hational Histcvic Trescrvacion Act of 1966

(16 L.%.£. L70f, as amendad, 90 Stee. 1320).

Tour continucd copopevarion is appreciated.

Sincerely youps,

e

Robert if. Utley
Deputy Execurive Director
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United States Department of the Interior .

NATIONAL PARK SERVICE

WESTERN REGION
430 COLDEN GATE AVEMUE, DOX 16063

¥ OAEFLY AEFER To: SAN FRANCISCO, CALIFORNIA 94102
H3O May 23, 1977
{WRYRC

Mr, Lovis §

Assisrant Director

Office of Review and Coopld
Advisory Council oo Histcri
P.0Q, Box 25085

Denver, Colorsdo 502E5

Dear Mr. wWall:

The Wostern Resiosn proposcs Lo approve arcscrvebicon ress2lch arnd relotad
aeeizas Serignsd to preserve thie Tumecagcgri Chuved and rolared niztoric
structures BT Tumdcaceri Nariondl Mepnumenc, & [eoperty oo tue Motlenal

Begistar. .

Ia socordsnce vith the ouccedures of ins Advisory Council on Mistoric
Preseuvasicn we have ub:ai:au tho csmnents of the Statc Hiscoric Zre-
servation Dificer, <opy enclosed, which iadicates ehat the unlervaliang
will not hEve 21 aorcrse eifect on ecvltuval rosourcos,
A copy oI tihe letrer to the State Histoviz Treservaticn 0fflcer, May
17, 1577 %2s baon orovieusly supplied your office. Wa well gaprac
your proemal veview oud comment on this propesed zetien Ior chis week
perzennel are cowming from Washingrten to aid in the inctallztion of some
of the mendtariny equipment, Ve will appreciste wvour office sending
a copy ¢of your comments by magoiax to both:

:r TH1-0E553

Vestern Archeolegicel Cuosiy
Western Rescional OSZice 33

¥e vould like to thank your office in advance for the extra efforts by
yvour staff in prowprly considering che undertaking,

Sincerely,

ace. WYl

Bruce M, FKilgore
Act, Regional Director

Wastern Regiomn .
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SFA20ICI6132(Z-B351 281 E103)PJ 25/23/77 1613
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PMS HOVAFD g CPad¥eH, FPECICHZL DIRECTCOR, NATICHAL PLRK SERVICE.
WVESTERH REGICN, FOiE
45F GOLDEMN BATE AUA
Errd FRANCISCE Cp $2122
FEFERENCA YOUR LETTER MAY 17 1977 CONCARNING PRES:FUATION PROGEGM £7
TUKACACOFT METICHNAL MOMUMENT ARLVONZ. PROCEDURLS URTLINED IN
EMCLOSURE WILL NOT HAVE £N ADVERSE EFFEGT ON THE CULTUFEAL FESOURCLS
‘ DOROTHY H HALL STATE HIUTORIC PRESERV&TION UFFICER
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L3
(FR)RC ay 17, 1977

Mg, Dorsthy #all

State Historir Presarvation Officer
drizona State Farka

1658 Wast fdasa

Thoenix, Arfizoaa BSOOT

I}{!HI My, Hﬂu:

na Maticanl Park Service, Western Teglen, proposss €8 a20Tove prescryva-
tia: ragearch sod related actiony desigood to preserve the Tumacacorl
Courch cad related bistorde struetursg &t Temacacori Xarlonal Monwment--—
a property lilzeed on ¢hs Yatiomal Repistar of Listeric Plasas.,

Iz zcecrvdanea with the Advisery Cauncil on isceric Prescrvation's
"Trogelurea” (35 CIR EQJ), we request your comments oa these actions,

A need Tor a comprehongive praservacion progrzs at Tuszescerl uwas
rozsomized coveral yeara sgo. Uowaver, i€ tfas not wntil the church was
clesrd to the publie for o ehort perlod of time durlap the winter of
1374-75 thar fundiag to usdeartsba the project boczme availibla.  The
prosacvation vreleet bowun do the Fall of 1875 and 415 expocted to
caj:inua ghreoon 1979, The goal of the project is to first, deteroiue tha
weifie cauncs gnd evicnt of the doteriorzclion and secoad, to take action
t“'t vill vltizarely halr or sontrel €he deleriorasion of the resourca,
The prezamvation resesreh aad related actc viticr are 21l Zcaivned to

sceieve thasa poald for presarvation of Tumzesceorl Wotiepal Honument.

ifcay sctivities, such 23 tha recovel of zterial saaples, tho addicdon

of terporary sunporisg, t'wr placcwmant of wisillle {retrumenintion, onerfdacy
Tepair, rhe reploceusat of non-historic materiala, a subsurface droipnage
gyaten which bYalpo countrol swoistura problems, micor rerrading, tia
cougtruction of walla to teat calursloasz, =nd subisurfsce lavesriparion,

all hare &n ¢ffsat oo the rosource. Howawer, cacl results 1o condirions
or ovledea ¢hat are directly benefieiel ro the atruetural aad docoTariwve
intosrity eof tiw building Ulthout alteriung the desirod cffact on the
vigiticy public. All rouftorice cgulipmant ond conatructfon agtivicica
gte timgorary by desipn cod will ba reoowad when oo loager required to
ldencify c=28 test the cfficacy of prescrvaticn tachalguca.

204




Tha tewmporary presence of momitoring equipmest aad test {aciliries nrovide
gn additional apd nocillaty beancfit to tha public by mobiup thez eware

of goma of the activitics necezsary for the continusd preacrvation of

ths regsourca. A cony of the proposed bhandout, "Tuoacacori Stabilization
Project," {3 coclozed for your informatier zud commcat,

4 dlscussioa of the wvork cantooploted at this tina is included 4in the
atove meotionzd onclesura, A mara detafled digeussion 6f the project s
arevided in the papzr, "Preservatioca Rescareh” (Tnelseure #2), If you
hove any gquesticns oo fhe undergaiiing, or if thera are ciler coucorns
that you bezlizve should Le aodrossed, ve venld pppreciate your coatacting
Tony Crosky, Projeer frchiteee, (602} 792-G6501.

Iz accordeance with bection 106 of the Uational Uirtoric Prasarvation Act
of 1966, acd the Procecured of the Aldvicory Counell on Historie Preserva-
tlon, we hzva spplied rhe Criceria of Lifpet mnd find thai thars will La
mi-affeer on the lifstorie ranource ot Tumzezcord llatiezal Yauus-pat,
Lawaver, in Zpeivian the eriterfn of Adveoraa Nifect, wr flnd tie above
dagcribzd preservaticn prtivities—i-alersared in accordsnce with tae
coxéltions e2c forth dn "Trnservarion Rescareh"—uwill zvold ouy cdverse
effear upen thona quelitics feor which Zumacacsri Nztioeal lomrscoe ic
patiopslly si;ndrdecnt. Do {ha contrarv, ChiF Do RoCeSSaTY 40 ArTest

the Jdetoricrotion rnond eifecting fio Mizszlon and eosure ite preserveslon.

If vou eozcur with the fbove detcitdnotion, please sirm in tihz plaze

provicod beoler aud return tha lecter to thin Sidice. IE un roaponse
fa voeadved vitlhdn forep-five dayn, we shall acpume yea have oo gomrent,
Logopy of thfn lettar 4z saclesed for your £ilca.

flacerely youre,

Novard if. Chapmeza
Peadenal Tiveocror,
Westera Teqloa

Iz dupliceta

Toclozures 3
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I eoncur with the derermination stated that the propesed preservarion
research and telated actions for the preservation project at Tumacacori

Nzticnal Monument will have no adverse effectk.

Mﬁf—&‘:{g L AL e 28 Y 2377

Steee Historie Preservaticn Officer —are

cet
0ffice of faview eond Compliznce, Advisory Council on
Historic Praservavipn, Vestern Qffice, P.0. Box 25085,
Denver, Colerado S0G235
WARO-560, Cultural Resources MHanzgement Divisieoa
DEC-THE, M=znager, Donver Service Cencer
Attention: Assistant Honazer, Peoific Nervolweese/estern
D5C~-0E, tlan-zer, Denvar Scuvice Conter
Attancicn: {uality Contrel znd foopliance Division

28C-IH, lansocr, Tenver Ssrvice Cencey
Atiooion iliscorie Pressrvertion Division

Cnief, vimsoorn Archenlenical Center

Cenerzl Suzsriclendens, Sputhera Aricoena Croun

Suzorinondint, Toinmnoocori
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As the natlion's principal conservation agency, the Department of the
tnterior has basic responsibilities to protect and conserve our land and
water, energy and minerals, fish and wildlife, parks and recreation
areas, and 1o ensure the wise wuse of all these resources. The
department also has major responsibility for American |ndian reservation
copmunilies and for people who live in island territories under U.5.
administration.

Fublication services were provided by the graphic and aditorial staffs of
ithe Denver Service Center. NPS D-1% Seplember 1985



