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Chapter 1
| nt roducti on

Many water managenent features were identified during
t he survey conducted by the Pal enque Mapping Project,
directed by Edwi n Barnhart and under the auspices of
Mexico's Instituto Naci onal de Antropologia e Historia
(INAH), the Foundation for the Advancenent of Mesoanerican
Studies Inc. (FAMSI), and the Precol unbian Art Research
Institute (PARI). These features included aqueducts,
bri dges, dans, drains, walled channels, and pools. The
Maya built such features in order to nmanage the perenni al
wat erways | ocated throughout the site. Wth nine separate
wat er cour ses found in Pal enque, we can say that water was
wi dely incorporated into the city plan. The presence of
such copi ous rushing water enabl ed the Pal enquefios to
create a uni que system of water managenent anonal ous to
that of other Maya Low and sites (French 2000, 2001,
Moral es, Stuart, and French 2001; Scarborough and Gall opin
1991).

The focus of ny thesis is the investigation of the
el aborat e water managenent system found in Pal enque. What
functions did features such as the subterranean aqueducts

serve? | shall denonstrate that many of Pal enque’s water



managenent features were nulti-functional and highly
sophi sti cat ed.

Fl ood and erosion control are two of the functions
performed by the aqueducts. As the water descended from
the steep nountains and entered the | evel plaza, flooding
al ong with erosion woul d have been conmmon. Maudsl ay (1889-
1902) visited Palenque in the dry season, prior to the
refurbishing of the Pal ace aqueduct’s entrance, and stated
that the main plaza conpletely flooded three tinmes during
his stay. Today, with the maintenance of the aqueduct
system the main plaza is highly unlikely to flood even
during the rainy season. By forcing the stream bel ow the
pl aza floor, the aqueducts act as stormdrains.

Built on a narrow escarpnent surrounded by steep
hills, sheer cliffs, and deep arroyos, Pal enque suffered a
scarcity of livable terrain. The flat topography that did
exist in the site was often burdened wi th natural
wat erways. I n response, the residents of Pal enque
constructed several subterranean aqueducts, covered
preexi sting streans, and by doing so, they increased the
size of their plazas in order to create surface areas | arge
enough to maintain nornmal civic life within a major Maya

center.



The i nportance of the pre-Col unbian plaza is reveal ed
t hrough a conprehensi ve exam nation of plazas, both
ar chaeol ogi cally and et hnographically (Low 2000). The
et hnographi ¢ i nformati on supplies an et hnoarchaeol ogi cal
foundati on by denonstrating the inportance of plazas today
in Latin Anerican comrunities. This thesis exenplifies a
met hod of interpreting the past by conbi ning water
managenent issues with architectural functions within an
anci ent Maya comunity.

The maps presented in the thesis are courtesy of Edw n
L. Barnhart and the Pal enque Mapping Project. All photos

are by the author.



Chapter 2
Pal enque

A Brief Hi story

Pal enque, located in Mexico’ s southernnost state of
Chi apas (Map 2.1), is one of the best-preserved Maya sites.
The Pal enquefios built their city on a narrow escar pnment
tucked away in the nountains and overl ooki ng the plains of
Tabasco. There were many advantages to choosing this
particul ar area, defense being one. To attack the city
fromthe east, west, or south, adversaries would have been
confronted with a series of steep and treacherous
mountains. Alternatively, an assault fromthe north would
have been detected early, due to the panoramc view
Pal enque had of the plains. Aside fromthe attri butes of
its defensive |ocation, Palenque had many natural springs.
The presence of fresh water is inviting for any
civilization, but for the Maya, it was synbolic, as well.
Pal enque’ s natural topography mmcs a place of creation,
referred to in the Popol Vuh, where waters are flow ng out
of the nountains: “The channels of water were separated;
their branches wound their ways anong the nountains”

(Tedl ock 1985:74). A place such as this nust have been
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enblematic to the anci ent Maya.

The founder of the Pal enque dynasty was K uk’ B ahl am
|. At the age of 33, he acceded to the throne on
8.19.15.3.4 - 1 Kan 2 Kayab (March 11, 431). An era of
rapi d devel opment followed and continued for 368 years.

K inich Janahb’ Pakal was the catal yst who shaped Pal enque
into a center of prestige, beauty, and power. On 9.9.2.4.8
- 5 Lamat 1 Mol (July 29, 615), at the age of 12, Pakal
acceded the throne of Pal enque. Born on 9.8.9.13.0 - 8
Ahaw 13 Pop (March 26, 603), Pakal was the son of Lady Sak
K uk' and her consort, K an-M'-Balam (Schel e and Mat hews
1998:95). It is speculated that Pakal's father, K an-M'-
Bal am was a foreigner. Although succession was normal |y
through the male |ine, Pakal inherited the throne through
hi s nother, who served as ruler for a short tine.

Thi s unprecedented event of inheritance caused Pakal
to not only change the historical rules of succession
through the father, but to justify it, as well. To begin
t he process, Sak-K uk' first had to be declared the
equi valent to the first nother of gods and kings at the
begi nni ng of the present creation. The first nother was a
deity to the nother of the three major gods in the Popu
Vuh. Then, Pakal stated that he had been born on the very

day of the cal endar that coincided with that of the



goddess's birth. Thus, Pakal and the goddess were of the
same di vi ne substance. Pakal inherited the throne fromhis
not her because this was what had happened at the begi nning
of creation: Authority had been transmtted through both
mal es and femal es (Schel e and Freidel 1990).

Pakal led his people to war during the first thirty-
five years of his reign. Several of the wars were fought
on the prem se of revenge, as cities such as Cal akmul and
Bonanpak (Map 2.1) had savaged Pal enque in the twenty years
prior to Pakal’s succession (Schele and Mat hews 1998: 95).
The second half of his reign was nmuch nore concerned with
peace and city growh. It started with a visit from Nun-
Bak- Chak, the exiled king of Tikal, shortly after his |oss
to Cal aknul. Nun-Bak-Chak arrived in Pal enque on
9.11.6.16.19 - 2 Cauac 12 Chen (August 16, 659) (Schele and
Mat hews 1998:97). Pakal considered this visit to be one of
the highlights of his reign as evident by its nmention as a
noment ous event upon his sarcophagus lid (ibid.). Al ong
with his shift fromwar to peace and prosperity, Pakal
began a renai ssance of building that remade the face of the
city. Pakal's interests in the arts peaked around year
675, when at the age of seventy-two he began construction
on his own tonb. He spent the next eight years overseeing

the construction of what canme to be the Tenple of the



I nscriptions. Pakal died on 9.12.11.5.18 - 6 Etz' nab 11
Yax (Cctober 1, 684), and his body was pl aced deep inside
the Tenple of the Inscriptions (Map 2.4). The tonb door
was seal ed and the tunnel that leads fromthe top of the
tenple was filled wwth earth and offerings. Pakal's tonb
woul d remai n seal ed for the next 1250 years.

The throne was then acceded by Pakal’s son, K inich
Kan B ahlam 1l (aka Chan Bahlum. |In an attenpt to carry
on his father’s construction | egacy, Chan Bahlum built the
Cross Goup (Map 2.4). This expansion east of the Arroyo
Qulum (Map 2.4) likely led to the construction of the
Pal ace aqueduct. The presence of a streamat this |ocation
naturally divides the site center. |In part, the purpose of
t he aqueduct was to unite the Palace (Map 2.4) and Tenple
of the Inscriptions with Chan Bahlum s Cross G oup.

Wt hout excavation, it is difficult to determ ne specific
dates of construction for the aqueduct.

After Chan Bahlum the city of Pal enque was rul ed by
five different kings. The last ruler was Wak Kim Janahb
Pakal , whose accession date, 9.18.9.4.4 - 7 K an 17 Muwan
(Novenber 17, 799), was found inscribed on a pot. This is
the | atest dated text found in Pal enque. Like other
Classic Maya sites in Mesoanerica, Pal enque was abandoned

for reasons not fully understood.



Redi scovery to Present

The first official acknow edgnment of the ruins in
Pal enque is found in a letter witten by Randn O dofiez y
Agui ar to the president of the Real Audiencia of Cuatenal a
in 1773 (Gonzal es 1986). Historical research sheds |ight
on a nuch earlier discovery by Fray Pedro Lorenzo de | a
Nada (ibid.). In 1560, Fray Dom ngo de Azcona invited Fray
Pedro to work with the Indians in and around the present-
day city of San Cristébal de |as Casas. Fray Pedro worked
closely with the Chol and Tzeltal Indians for six years
before visiting the present-day Pal enque area. During this
time, he becane fluent in their native |anguages. He
travel ed to the Lacandon jungle to assist the Indians by
setting up a new town 8 km sout heast of the ruins near the
Chacamax River. Fray Pedro nanmed this new town Pal enque,
meani ng, according to Spanish dictionaries, “palisade or
st ockade of wood.”

M guel Angel Fernandez, the head archaeol ogi st during
the 1930s, coments in his field reports that “the natives
of the area referred to Pal enque [ruins] by the nanme of
O olunt (Gonzales 1986:5). This nanme is a word of Chol
origin, derived from otot (house); tul (strong); |um
(I and) —and t oget her neani ng “strong house | and” or

“fortified place” (CGonzales, citing Becerra 1980: 243).



Thus, a strong affinity exists between the words “Pal enque”
and “O ol uni.

Fray Pedro Lorenzo de |la Nada is the only person in
the early history of Pal enque’s redi scovery who coul d have
named the town after the ruins. He had a firm enough grasp
of the Chol |anguage to search for a simlar Spanish
translation (ibid.). The word QGulumis still used in the
ruins today as the nanme of the precious streamthat flows
through the site’'s center.

Pal enque experienced its first excavations in 1832, by
Count Frederick Wal deck. This eccentric character |ived
atop one of the tenples for two years during his stay
(Trujillo 1974). That tenple has been rightly naned the
Tenpl e of the Count. A lithographer, Wal deck produced
beautiful illustrations of the site. Many of his draw ngs
depi ct Pal enque |ike a great Mediterranean civilization,
sparking great interest back in Europe.

In 1840, Patrick Wal ker and John Caddy journeyed to
Pal enque. Wile working in British Honduras (Belize),

Wal ker and Caddy | earned of a | arge-scale scientific

exam nation of ancient Maya cities that was to be conducted
by an Anerican team |l ed by John LI oyd Stephens and Fredrick
Catherwood. Britain did not have the resources to support

an expedition of such magnitude. *“England, despite her

10



reputation for scientific research, was about to becone
outdone by a representative of that upstart colony to the
north” (Pendergast 1967:30). The British knew Stephens and
Cat herwood were traveling to Copan first and thought it
possible to precede themto Pal enque. |ndeed, WAl ker and
Caddy arrived in Pal enque two weeks prior to Stephens and
Cat herwood. Caddy created a nunber of remarkabl e sepia
sketches of buildings and scul ptures. He published his
work pronptly in 1840, a full year before Stephens.

During his expedition through Central America in 1890-
1891, Alfred P. Maudsl ay explored the ruins of Pal enque.
His report on the site occupies the entire fourth and | ast
vol une of Biologia Centrali-Americana. “It contains plans
of the ruins, photographs and draw ngs of all the buildings
and scul ptures known at that tinme” (Saville 1926: 153).

In 1923, the Direcci 6n de Antropol ogia of the Mexican
Governnment sent an expedition to Pal enque (Bl om 1926: 168).
Frans Bl om was asked to develop a rough map to determ ne
the extent of the site’'s size and density. The data
collected fromthis expedition are still used today by
archaeol ogi sts. Blonis map was the nost thorough survey
conducted of Pal enque until August 2000.

The Proyecto Grupo de |las Cruces began in May 1997.

It was a continuation of archaeol ogi cal investigations

11



conducted over the | ast one hundred years. The project was
integrated into the Proyecto Pal enque, which functioned for
a season as the Proyecto Especial Pal enque, directed by

Ar chaeol ogi st Arnol do Gonzales Cruz. Proyecto Grupo de | as
Cruces was a joint venture of the Pre-Col unbian Art
Research Institute (PARI) from San Francisco, California
and Mexico's Instituto Nacional de Antropologia e Historia
(1 NAH)

The purpose of the project was to utilize al
avai |l abl e resources to bridge gaps in the archaeol ogi cal
record and increase understandi ng of the conmunal and
dynastic histories, as well as the architectural diversity
of Pal enque. A conplete map of Pal enque was needed for a
better understanding of the site’'s density and
architectural nultiplicity. 1n 1998, Edw n Barnhart and
team began the task of creating the first conplete
structural and topographi cal map of Pal enque (Map 2. 2).

The Pal enque Mappi ng Project (PMP) was sponsored by
Florida’ s Foundation for the Advancenent of Mesoanerican
Studies, Inc. (FAVSI). Throughout a 3-year period, the PMP
mapped a total of 1481 structures within a 2.2 square
kil onmeter area. An earlier map published by Robertson

(1983) portrays only 329 structures. The new data

12
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generated by the PMP nore than triples the known size of
Pal enque.

Wil e as a survey assistant to Barnhart, ny duties
included an initial pedestrian survey to sketch a rough
| ayout of topography and architecture, the operation of the
survey instrunment (a GIS-211D total station), and the
recordi ng and docunentation of all water managenent
features encountered throughout the site. The duration of
my fieldwork was approximately 13 nont hs over a 3-year
period. It nust be noted that none of ny fieldwrk was
conducted during Pal enque’s rainy season. The mgjority of
the research was perforned between the nonths of April and

August .
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Chapter 3
The Water Systens

The wat ercourses in Palenque (Map 3.1) generally run
in a northerly direction. Beginning in the nountains, the
spring-fed streans flow toward the plains of Tabasco.
There are 56 known springs that supply nine separate
wat er cour ses that nove through the site’'s interior. The
arroyos are hone to Pal enque’s nmany different water

managenent features, as defined bel ow

Agqueduct : a covered channel for conveying water
ei ther under or above-ground.

Dr ai n: a small, covered channel for renoving
wat er .
Bri dge: a structure spanning a watercourse or

arroyo to afford passage for
pedestri ans.

Wal | ed Channel : a watercourse or arroyo nmanaged with

wal | s of cut stone.

Pool : a smal |l manufactured body of confined
wat er .

Dam a barrier of stone to obstruct the flow
of water.

18



Spri ng: a small stream of water flow ng
naturally fromthe earth.

Each wat er managenent feature and spring was assi gned
a specific nane and nunber (Appendices A & B). The nane
conveys the group of structures associated with the
feature, as well as its type. The nunber refers to the
feature’s location within the group of structures. The
nunmber systemruns south to north and west to east, the
sanme direction as the water flow. For exanple, an aqueduct
| ocated in the southwest corner of the Picota G oup woul d

carry the nanme P-Al.

P - A 1

Picota G oup - Aqueduct Posi tion
The abbreviations for the water features are as foll owed:
A = Aqueduct C = Wl | ed Channel
D = Drain DM = Dam
B = Bridge S = Spring
P = Pool

The wat ercourses are separated by nanme and are

di scussed fully below. | wll begin explaining each stream

at its source or entry into the site. A detailed
description of the arroyo and its features will be given as
we nove with the flow of water. The description of each
streamw || termnate upon its exit fromthe site boundary.
The waterways are in order of appearance, fromwest to

east .

19
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The Arroyo Diablo (Map 3. 2)

The Arroyo Diablo begins at 220 neters in el evation
and stretches 610 neters down Pal enque’ s western border.
The initial 316 neters (not shown) of the arroyo remain dry
fromJune to August. The Diablo’'s first perennial spring,
D-S1, marks the tenporary term nation of the parched
portion of the arroyo. A few neters to the north of the
spring, evidence of a walled channel exists. The wall, D
Cl, extends for approximately 7 neters and is in poor
condition. Simlar to other architecture found in the
west, the stones used in the construction of the wall are
extrenely large in size, neasuring approximately 75cmto 1m
inlength. As the streamw nds forward, it passes the
second spring, D-S2. A local farmer has nodified the
spring by partially damm ng the flow of water with snal
stones. The Diablo becones a trickle as it flows further
north and soon becones dry. At this point, the channel
grows in depth and width, suggesting it is a major waterway
during the rainy season. During the dry season, the D ablo
remains dry and is absent of water managenent features as

it exits the site boundary.

21



Di ablo

@ e
=N =Y
/

The Arroyo Diablo

/o Meters
I .

N contour interval of two meters

Ed Barnhart

Legend

D= ancient architecture __— perennial

modern architecture

seasonal

=\ rascades

X springs

water features

22




The Picota Stream (Map 3. 3)

The Picota Streamis Pal enque’ s nost conpl ex water
system The watercourse received its nane from Pal enque’ s
only standing stela, mapped by Frans Blomin 1923(Bl om
1925:184). Beginning with an abundance of springs in and
around the Picota Conplex, the streamstretches 675 neters
t hrough the western portion of the site while experiencing
a 99-neter decline in elevation. After a series of
spect acul ar cascades, the Picota collides with the Piedras
Bol as Stream and together they exit the site boundary sone
90 neters |later.

The Picota Streamis fed by a total of 14 separate
springs, 12 of which are perennial. The three springs that
create the headwaters of the Picota are P-S2, P-S3, and P-
S4 (Map 3.3). P-S2 has been nodified with cut stones
stacked in a crude circle. The stones create a snall pool
approximately 1 neter in dianeter and appear to be nodern.
Local farners many tinmes place cut stones in a circular
pattern around the spring to assist the flow of water. As
the waters fromthe three springs nmerge together, they

enter P-Al, the Picota's first water feature (Map 3.4).
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P-Al travels 7 neters beneath a structure and is then
j oined by P-A2, which delivers water froma snall, pool -
like feature located 4 neters to the west of P-Al. The
waters join together, continuing 18 neters through P-Al in
a northerly direction at an elevation of 189 neters. The
aqueduct then takes a 45-degree turn west, followed by a
wi de turn back to the east, where the water is then
released into its natural channel. P-Al's exit is
magni fi cent exanpl e of Pal enque’s architectural beauty
(Fig. 3.1).

The Picota Goup’s best-preserved pool is P-P1
situated 10 neters to the west of P-Al (Map 3.4).
Posi ti oned on an east-west plane, P-Pl1 neasures 7.2m x 2.8m
and is approximately 3 neters in depth. The pool is
simlar in size, shape, and design of those found in the
Piedras Bolas (Map 3.6) and the Ach’ (Map 3.14). Wthout
excavation, it is difficult to assess the function of the
pools. Spring P-S5 is situated in the southwest corner and
serves as one of the Picota s perennial water sources. The
overflow drain, P-Dl1, transports the water to P-Al and is
positioned in the southeast corner. P-Dl, neasuring 30cm x
30cm is fully functional and in excellent condition (Fig.

3.2). P-P2 is located just to the west of P-Al’s exit. It
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Figure 3.1 — Aview of P-Al’s exit.
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Figure 3.2 — The interior of P-D1.
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resenbles P-P1l in design, but preservation is poor. The
di mrensions of P-P2 are roughly 7.5 mx 4.5 m Spring P-S6
is found in P-P2's sout hwest corner.

As the Picota Streamcontinues in a northeasterly
direction, it creates the borders between the Picota and
Escondi do groups, as well as the Nauyakas and Lenon groups
(Map 3.3). As it enters the Nauyakas G oup, a damlike
feature (N-DML) energes. N DML neasures approximtely 4m x
2m and acts as a dam by obstructing the flow water. After
passing N-DML, the Picota Stream w dens and begins to drop
in elevation nore abruptly. Soon the Picota enters the
cascades, where it joins the waters of the Piedras Bol as,
and toget her they ornanment one of Pal enque’s nost pristine
areas of forest. It is in this area where many of the
Picota's springs are | ocated, seven energing fromthe

karstic earth in and around the Leon G oup.

The Arroyo Piedras Bolas (Map 3.5)

The source of the Piedras Bolas is unknown because the
arroyo extends beyond the site boundary to the south. The
seasonal arroyo enters the site periphery at an el evation
of 238 neters. Wth its three aqueducts, two pools, and
two drains, the Piedras Bol as appears to have been managed

quite extensively during the C assic period. A |lengthy
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stretch of the streamis littered with nunerous cut stones,
suggesting a possible walled channel. The Pi edras Bol as
travels 610 neters through the site, where it then, as
stated earlier, conmbines with the Picota at the edge of the
Pal enque escarpnent and jointly cascades north into the
pl ai ns.

The nost uni que water managenent feature found in
Pal enque is PB-Al, |located at an el evation of 189. 28
meters. This is the first aqueduct that the Piedras Bol as
encounters as it flows north fromthe nountains. The true
entrance to PB-Al is unknown, but a collapse of roof stones
revealed its interior. The main chanber of PB-Al neasures
1.20min height by 80cmin width. This chanber extends 4
meters fromthe coll apsed roof, at which point the aqueduct
abruptly decreases in size by entering another chanber
measuring 46cmx 46cm (Fig. 3.3). The smaller chanber then
continues for 2.5 nmeters before termnating (Fig. 3.4).
Today, due to the collapse, very little water passes
t hrough PB-Al. The majority of the water flow has been
forced to the west of the aqueduct (Fig. 3.5). During the
rainy season, a large quantity of water surges through the
Pi edras Bolas. When fully functional, PB-Al would have

created a considerabl e anount of water pressure by forcing
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Figure 3.3 — Aview frominside PB-Al. Notice the
decrease in size of the chanber.
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Figure 3.4 — PB-Al's exit (note the 22cmwater bottle for scale).
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Figure 3.5 — PB-Al |ocated just to the left of the cascades.



a square nmeter of water into a half-square neter chanber.
The purpose of having water pressure at this location is
unknown, but it m ght have taken water up and out of the
arroyo to a residential group or possibly created a
fountain. After exiting PB-Al, the Piedras Bolas w nds
between the Xinil Pa and Piedras Bol as G oups.

The next water feature, PB-Dl1, is associated with
structure X19. PB-Dl1 originates at the edge of the
structure and flows west toward the Piedras Bolas. Its
conplete length i s unknown, because only a small section is
exposed due to collapse. The drain is situated 70cm bel ow
t he surface and nmeasures 50cm x 30cm  Positioned
perpendi cular to PB-D1 is PB-A2, this aqueduct is
functional but its source is unknown. By peering south
into PB-A2 fromits exit, one sees what appears to be a
wal | bl ocking the flow of water (Fig. 3.6). | hypothesize
t hat the aqueduct does not end at the wall, but rather
takes a 90-degree turn to the west and brings water from
the Piedras Bolas. Project nenbers searched for an
entrance into PB-A2 froma westerly direction but found
none. Wthout excavation, it is difficult to |earn of PB-
A2’s origin. Upon exiting the aqueduct, the water joins,
or rejoins, the Piedras Bolas. It is here that an

unusual | y heavy vol unme of cut stones is found strewn
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Figure 3.6 — The interior of PB-A2.
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t hroughout the streanbed (Fig. 3.7), suggestive of a prior
wal | ed channel. The stone debris continues for
approximately 80 neters. A small tributary then joins the
Pi edras Bol as.

The origin of the tributary is PB-S2, |ocated 125
meters to the west of the Piedras Bolas. Simlar to P-S5,
PB-S2 is found in the southwest corner of a pool (Map 3.6).
The pool, PB-Pl, is like the Picota’s P-P1 in construction
and appears to function the sane way (Fig. 3.8). The
overflow drain, PB-D2, is designed to bring the water from
PB-P1 to PB-P2. The drainis 9.75 neters in |length and
fully intact. Although the water from PB-P1 flows into PB-
P2 today, it does so wthout the overflow drain. The water
fromPB-S2 has found a path of | east resistance by eroding
the northeast corner of PB-Pl and naturally tunneling into
PB-P2. The water then enters PB-A3 and fl ows east toward
the Piedras Bolas. The aqueduct, PB-A3, extends for 9.75
nmeters before releasing the water into the natural
tributary.

As the Piedras Bolas continues northward, it forns the
boundari es of the Lenon Group and Mi sés’ Retreat (Map
2.3). The Piedras Bol as receives an abundance of water
fromspring MR-S1, one of Pal enque’s nost plentiful

perenni al springs.
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Figure 3.7 — The Piedras Bolas littered with cut stone.
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Figure 3.8 — A view of PB-P1. The overflow drain is on the
| eft edge of the photo.



At this juncture, the Piedras Bolas nerges with the Picota,

and together they spill over the precipice.

The Arroyo Motiepa (Map 3.7)

The Arroyo Mdtiepa is simlar to the Piedras Bolas in
that its origin is unknown. It enters the site boundary at
an elevation of 216 neters. The Mditiepa is fed by seven
springs within the site boundary, six of which are
perennial. The stream spans a di stance of 800 neters to
the north before | eaving the site. Throughout its course,
it assists in creating boundaries for Encantado G oup,
Encantado South, Xinil Pa', Goup E, Misés'’ Retreat,
Goup J, Mdtiepa Goup, and Mtiepa East G oup (Map 2.4).

There are two maj or water managenent features |ocated
on the Motiepa stream First, the water collides with
Pal enque’s finest dam MI-DML (Fig. 3.9), which neasures
8.18 neters in length, 1 neter in wdth, and roughly 1
meter in height. Today, MI-DML remai ns operational by
slowing the flow of water in the Mtiepa. The second
feature is MI-Al, |ocated 8 neters northwest of MI-DML
(Fig. 3.10). This feature is classed as an aqueduct, for
| ack of a better term Due to heavy calcification,

positive identification is difficult. MI-Al is at an
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Figure 3.9 — Water flow ng over M- DML.
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Figure 3.10 — MI-Al1 showi ng heavy calcification formng on
all sides.



el evation of 189.17 meters and nmeasures 4.5mx 1.5m Large
cut-stone slabs create the roof of the structure. Standing
atop the aqueduct, one can clearly hear the sound of
rushing water. The source of the water fromw thin is
unknown. The water exits through two small hol es found on
its west side. These holes were presumably drains at one
tinme, but the dense calcification makes identification
difficult. Spring MI-S1 is |ocated approximately 1 neter
to the west of MI-AL.

As the Modtiepa continues through the site, it becones
sterile of cultural nodification. Wile traveling
northward, it is joined by the waters fromE-S2, E-S3, GE-
S1, and JO S1, before cascading over the Mtiepa Falls.
The Motiepa then passes between the Mtiepa Goup and the
Mot i epa Group East prior to crossing the Cam no Real .
| medi ately after the trail, the water cascades once nore

and falls into Pakal’s Pool (Map 2.4).

The Bernasconi Stream (Map 3. 8)

The Bernasconi is the only watercourse in Pal enque
that originates solely fromw thin a residential group.
Three separate spring-fed arroyos neander through Goup J
before nerging together as one and exiting the site. This

is Pal enque’ s shortest waterway, neasuring roughly 300
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meters in length. The split arroyo located in the far east
side of Goup J is nmanaged by a walled channel, J-Cl. The
exact dinensions of these walls are unknown due to their

poor condition.

The Arroyo Qtulum (Maps 3.9 & 3.10)

The G ulumis Pal enque’s | ongest and nost i npressive
stream Its perennial waters flow through the site’s
center by way of an extraordinarily constructed aqueduct.
Subsequent to passing under Palenque’'s only fully
functional bridge (OI-Bl), the Gulumtunbles over a
remar kabl e series of cascades. These waterfalls include
the Queen’s Bath (Map 3.10), a popular swi mm ng hole for
tourists and locals alike. The water then runs into a pair
of aqueducts before exiting the site’ s boundary.

Before the perennial waters of the Qtulum begin, a
seasonal arroyo clinbs to an elevation of 240 neters to the
south. The perennial flow of the stream begins with
springs OT-S1 and OT-S2, the true headwaters of the O ul um
The stream neanders in a northerly direction, formng the
natural boundary of the Cross Goup’ s western edge (Map
3.9). At this point, a seasonal tributary extending from
the Schele Terraces (Map 2.4) joins the OGulum The stream

collects nore water at OI-S3 before entering the walled
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channel, OI-Cl (Fig. 3.11).

The OT-Cl stretches 97 neters before entering the OI-
Al. It is believed that this walled channel was actually
an aqueduct during Classic tines. Mps of Pal enque created
by early explorers illustrate that the Gulumdid not then
flow through OT-Al. Blomstated that the aqueduct was
“bl ocked by its fallen roof” (Bl om 1925:173). The col |l apse
forced the Gulumto flowjust to the east of the aqueduct
and cut a new streanbed. Bloms map clearly shows that the
di version of the stream began at the sane | ocation where
the wal |l ed channel begins today. During the 1950s,
ar chaeol ogi sts began to clean out the debris and rebuild
the walls. After the collapse was cleared, the water from
the Gulumsplit in tw directions. The stream once again
fl owed through the aqueduct but continued to flowinto its
new channel. Not until 1985 did archaeol ogi sts decide to
bl ock off the side flow of the Gtulumand force all of the
wat er back into the aqueduct. The new channel was filled
wth earth, and no trace is left of it today.

The PMP has di scussed the possibility that OI-Al at
one tinme extended further south, to the edge of OT-Cl, but

t he di nmensions of the channel are too wide to support a
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Figure 3.11 — The Gtulum fl ow ng t hrough OT-C1.
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corbelled arch. It is possible that the workers in the
1950s were forced to build the walled channel w der than
its original foundation due to erosion. Excavations within
the Gulumwould clarify this point. Evidence revealing a
narrower foundation for the channel woul d suggest that OTI-
Al extended another 97 neters to the south.

The intact section of OI-Al is in excellent condition
and carries the Gulum58.5 neters beneath the floor of the
plaza (Fig. 3.12). It resides at an el evation of 187.50
meters. There is evidence of three separate construction
phases of OI-Al. It appears that the Maya of Pal enque
continued | engt heni ng the aqueduct by conti nuing
construction to the south. The earliest building phase of
t he aqueduct extends southward fromthe exit approxi mtely
40 meters. This section is OT-Al’'s best-preserved area,
consisting of |arge cut-stone support beans found in the
corbelled arch. The second phase stretches roughly 10
meters and | acks the support beans. The vault on the east
side is under stress and is sagging. OI-Al’s third phase
extends the remaining 8 neters before the entrance but
appears to have continued another 10 neters prior to the
collapse. This is uncertain, though, because the
archaeol ogi sts of the 1950s wi dened the wall artificially

in this area
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Figure 3.12 — An interior view of Pal enque’s best-

preserved aqueduct,

Notice the stone support

Or- Al.

beans found in the corbelled arch.
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After the streamexits OI-Al, a wall on the east side
continues for 27 neters. The water then passes an
extraordinary work of art, positioned 1 neter above the
flow of water--an enornous alligator effigy (Fig. 3.13).

It nmeasures 3.44min length, 1.10min height, and 86cm

t hi ck, or about 3.50 cubic neters. Wen the O ul um was
fully mai ntained by the Maya and clear of all debris, the
wat er | evel would have been substantially higher. This is
al so true today throughout the rainy season. During tines
of higher water levels, the alligator wuld have appeared
to be floating atop the waters of the O ul um (St ephen D
Houst on, personal conmmuni cation, 2000).

The stream then snakes slightly eastward, passing the
ball court and approaches OI-Bl, the O ulum Bridge (Fig.
3.14), which nmeasures 10.25m x 10.25mand is in superb
condition. Today, tourists and workers use the bridge on a
daily bases. The water passes through a corbelled arched
opening directly in the mddle of the bridge (Fig. 3.15).
The passage is about 1 neter in wdth. After passing
beneath the bridge, the water begins to cascade over the
falls and into the Queen’s Bath (Map 3.10). The water then
toppl es through a multiple nunber of small pools that have

been ni cknanmed the Butterfly Falls (Map 3. 10).



Figure 3.13 — The carved alligator found at the exit of OI-Al.
Frans Bl om sketched this representation in 1923 (Bl om 1926).
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Figure 3.14 — Palenque’s only fully functional bridge, OT-BLl.
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Figure 3.15 — The vaulted channel that allows for water
passage beneath the bridge.
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At an elevation of 110 neters, the streamgathers in a
smal | and shal | ow natural pool and then enters a set of
paral | el aqueducts (Maps 3.10 & 3.11). OrI-A2 has been
obstructed fromview by a large tree that grows directly
atop the entrance. The Qulumwaters still manage to find
their way into the aqueduct. OI-A2 travels north at a
bearing of 27 degrees for 19.4 neters before exiting into
the natural streanbed (Fig. 3.16). The second aqueduct,
OTr-A3, is heavily calcified and partially coll apsed.
Despite the damage, the nmajority of the water flows through
this feature. Both aqueducts have sim |l ar di nensions,
averaging 1.10 neters in height and 80cmin width. The
entrance of OI-A3 contains a set of peculiar niches (Fig.
3.17). One is located on the west wall, while the other
faces it on the east wall. It is possible that they served
as a holding device for a sluice gate of sone kind.
Fol | ow ng the niches, the aqueduct becones badly danaged.
The water continues through OT-A3 at a bearing of 27
degrees for 13.6 neters. At this point, the aqueduct
changes direction with a rapid curve to the west. OI-A3
feeds into OT-A2 and the waters rejoin, exiting together.
The Gt ulum then passes under the road and through the
Museum Group and departs the site in a northeasterly

di recti on.
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Figure 3.16 — The interior of OI-A2, show ng the exit
of OI-A3 on the left.
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Figure 3.17 — One of the niches at the entrance of OT-A3.
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The Arroyo Mirci él agos (Map 3.12)

The Arroyo Murci él agos begins at an el evati on of 305
meters, the highest in the site. As it stretches 980
meters through the eastern region of the ruins, it drops
200 neters in elevation before reaching the plains to the
north. 1Its southern section runs to the east of E
Mrador. This area consists of steep canyon walls and
treacherous cliffs.

The water flow in the southern region is seasonal.
Spring MS3, the Mirci élagos’ only known perennial water
source, begins just to the west of Goup C at an el evation
of 181.58m This spring is in proximty to a damlike
feature, M DML, which neasures 3.5m x 3m and appears to
serve as a water catchnment device. Today, the majority of
the water flows to the west of M DML.

As the arroyo wnds forward, it travels beneath a
nodern bridge that enables tourists to visit Goup C
| medi ately thereafter, the stream cascades down 7 neters
to the base of CGBl. Prior to its collapse, it nmeasured
roughly 3.5 neters in height and contained a corbelled arch
measuring 2.3 neters in wdth. GC Bl connected the Cascade
Goup with Goup C (Fig 3.18).

The Cascade G oup seens to be built atop calcified

cascades. By its location, this construction suggests that
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t he anci ent Maya of Pal enque closed this section of the
falls by directing all water into the present O ul um
stream This redirection of water nmade it possible for
themto build the Cascade G oup and G oup B.

As the Miurci él agos stream continues, it cascades into
Jackie’s Pool. It then flows through MCl, a series of
partially intact canal walls extending sone 130 neters
toward the plains. At this point, the Mirciél agos cascades
a final tinme before flow ng under the nodern road and

exiting the site boundary.



Figure 3.18 — Reconstruction drawing of Goup C. Notice
C-Bl in the right foreground (Méndez 2000).
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The Arroyo Balunte (Map 3.13)

The Arroyo Balunte begins at an el evation of 208
nmeters, separating Goup C and the Ch’ul Na G oup. The
arroyo remains dry as it snakes between the Lik'in, Zutz,
and Xaman groups. B-S1 is the Balunte's first perennial
spring and is located at 114 neters in elevation. Before
entering X-Al (Fig. 3.19), the streanis only aqueduct, the
Balunte is joined by a snmall perennial tributary fed by
spring X-S1. These two watercourses enter the 11.48-neter
aqueduct and together continue in a northerly direction.
Once inside X-Al, the streamcollects nore water from
spring X-S2. This spring was previously housed in a
corbell ed chanber that is connected to the east wall of X-
Al. The chanber was probably about 1.5 neters in |ength,
but this is difficult to know for certain, due to its total
col |l apse. After leaving X-Al, the stream passes through X-
Cl, a section of a walled channel that extends 5.5 neters
to the north. Soon the Balunte nerges with a series of
smal | drai nage ditches and eventually | eaves the site by

fl ow ng under the nodern road.
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Figure 3.19 — The interior of XAl
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The Arroyo Ach’ (Map 3. 14)

The Arroyo Ach’ serves as nmuch of Pal enque’s eastern
boundary. Beginning at an el evation of 198 neters, the
Ach’ stretches through the site for 554 neters. As the
arroyo continues north, it passes its first seasonal
spring, AC-S1. The first water managenent feature energes
sonme 110 meters further downhill. In this area, the
t opogr aphy becones relatively flat, wthout a discernible
streanbed. The arroyo reenerges sone 33 neters to the
northeast. Upon cl oser inspection, evidence of
architecture was found at the points of disappearance and
return of the arroyo, strongly suggesting the existence of
a col | apsed aqueduct beneath the surface of the Ch’ul Na
Goup (Map 2.5).

The arroyo remains seasonally dry during its first 386
meters. The Ach’ collects water fromits first perennial
spring, AC-S2, at an elevation of 120 neters. As the
streamflows toward the north, it passes Palenque’'s fifth
pool, AC-P1. Measuring 5.25mx 5.25m AC-P1 is in good
condition. The walls are intact but the floor is littered
with thick sedinentation. The earth inside the pool
remai ns saturated and nuddy during the dry season,

suggesting the presence of a weak perennial spring beneath
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the pool. Pools P-P1, P-P2, and PB-P1 were all constructed
atop springs as well. As the streamcontinues, it creates
the borders for the Xaman and Ach’ groups. Like all the
wat ercourses in the eastern portion of the site, the Ach’
mai ntains a northerly direction and exits the site by

fl owm ng beneath the nodern road.
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Chapter 4
Concl usi on

Fl ood Contr ol

Fl ood control was one function perfornmed by the
aqueducts at Pal enque. From August to Novenber, Pal enque
recei ves 45 percent (977mm) of its annual rainfall (SARA
1999) (Fig. 4.1). This substantial concentration in
precipitation causes the streans in the nountains to expand
in size as they rush swftly downhill toward the |eve
escarpnent. The abrupt change in declination causes the
streans to slow, forcing the water level to rise and fl ood
the plaza and residential areas. Maudslay (1889-1902)
visited Pal enque during the dry season of 1895, prior to
the current mai ntenance of the Pal ace aqueduct (OT-Al)(Map
3.8), and stated that the Main Plaza conpletely fl ooded
three tines during his stay. His fieldwrk was conducted
bet ween February and April, when the average rainfal
reaches only 159nm Prior to 1950, the entrance to the
Pal ace aqueduct was conpletely col |l apsed, causing the
Qulumto flow a few neters to the east in a new streanbed
Maudsl ay’ s account, along wth the damaged entrance,
provi des a view of how the Main Plaza would function during

heavy rains w thout the assistance of the aqueduct. By
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Pal enque’ s Annual Average Rainfall

Mont h mm of Rai nf al |

Jan 88.9
Feb 55.6
Mar 55.6
Apr 48.1
May 185.2
Jun 307
Jul 188.9
Aug 244.4
Sep 440.7
Oct 292.6
Nov 144.4
Dec 114.8
TOTAL 2166.2

Annual Average Rainfall Chart (mm)
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0
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Figure 4.1 — Pal enque’s Annual Average Rainfall Charts
1985- 1995
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forcing the flowi ng water of the streans bel ow the surface
of the plaza, the city planners were able to decrease the

ri sks of plaza and residential flooding.

Er osi on

Anot her probl em Pal enque’s city planners nust have
faced, along with seasonal flooding, was erosion. Wthout
proper water control features in place, erosion would have
been a crisis, not just for the elite but also for the
| arger nunber of urban residents living outside the city’s
center. In order to mnimze |land | oss and residenti al
di sruption fromerosion, a partial canalization of all nine
wat erways was i nplenmented. Construction of these walled
channel s and/ or aqueducts outside of the center suggests
what Barnhart (2001:95) refers to as “public works.” These
public works enconpass all nonunental constructions that
served the needs of the general populous or the community
at large. The sophistication of the water nanagenent
features is evidenced by the fact that the majority of them
are still intact and functioning after nore than 1200 rainy

seasons.

74



Creating Space

Pal enque’ s control of nine separate waterways
generated from 56 recorded springs provided an anpl e supply
of water for an expanding civilization. Wth this great
guantity of water came an unforgiving | andscape consi sting
of steep hills, sheer cliffs, and deep arroyos posing
chal l enges for city growth. Thus, the obstacle for the
city planners of Pal enque would not be water insufficiency,
but rather a paucity of habitable terrain. This adversity
of inhospitable Iand | ed the ancient Pal enquefios to devel op
t he second nost densely populated city in the Maya region
(Barnhart 2001:93), along wth a phenonenal subterranean
aqueduct system

Al though many of the site’'s residential groups were
constructed on the terraced hillsides, the plazas and
public centers were created atop a narrow | i nmestone
escar pnent neasuring approximately 1.7 km east-west by 260m
north-south. Wiile the escarpnent does continue further to
the west, evidence of pre-Hi spanic settlenent declines
abruptly. The constricted |inmestone shelf provided limted
space for such occasions as religious or political
cerenonies, public markets, or city expansion.

The majority of civic activities in Mesoanerica

occurred in large, |evel, open spaces |located within the
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city’'s center--plazas. These areas were designed for
public use and provided a setting for everyday urban life
where daily interactions, econom c exchange, and informa
conversations occurred, and created a socially neani ngful
space within the city (Low 2000: 33). These communa
interplays are thought to be the threads that create the
natural “human whol e” (Arensberg 1961; Redfield 1955) that
serves as a society’s principal unit of biological and

cul tural reproduction (Yaeger and Canuto 2000:2). Mirdock
(1949) also strongly enphasi zed the inportance of

i nteraction anong community nenbers, claimng it as a
necessary condition of the conmmunity’s existence.

The nodern Latin Anmerican plaza can provide insight
into the Precol unbi an pl aza via et hnoarchaeol ogy. Many
scholars share the belief that the grid-plan town with a
central plaza found throughout Latin Arerica is a European
creation, but Low (2000) presents suggestive evidence that
counters this assunption. She explains that the redesign
of Spanish cities in grid-plan during the mid-16'" century
under the rule of Philip Il was in part stinulated by the
ur ban- desi gn experinments of the New Wrld. By overl ooking
the Precol unbi an architectural and archaeol ogi cal record,
many hi storians have constructed a Eurocentric view of the

evolution of the New Wrld urban form Town centers of
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European cities such as Cordoba and Madrid, rebuilt many
years after the col oni zati on process began, mmc the
design of the newy created plazas of the Spanish-Anmerican
New Worl d. Low s inplication that the col onial plaza and
grid-plan design found in Latin Arerica was nore an

i ndi genous than Spani sh creation only adds validity to the
et hnographi c research of plazas as et hnoarchaeol ogi cal

dat a.

Today, throughout Latin America, plazas are |ocations
wthin cities where comrunal activities take place. The
church as well as the governnent offices of a city are
typically found on the borders of the plaza, where the
majority of public religious and political gatherings
occur. The design of nost Mesoanerican plazas exhibits a
simlar |ayout, where the grandest of tenples coupled with
a palace or elite residential structure characteristically
create the borders of the plaza.

At Pal enque, contributing to the dilenma of buil ding
on its confined plateau were the spring-fed streans that
naturally marred and divided the | andscape. Andrews (1975)
clainmed that this irregular natural terrain caused many
problens for the city' s builders, who were forced to do a
consi der abl e anount of reshaping of the existing ground

formto maintain a senbl ance of visual order in the over-
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all layout of the city. To sinmultaneously control flooding
and erosion and al so bridge the divided areas to expand
civic space, the Maya of Pal enque covered portions of the
preexi sting streans by constructing el aborate subterranean
aqueducts that guided the stream beneath plaza floors. The
two plazas of concern here are the Picota Plaza (Maps 4.1 &
4.2) and the Main Plaza (Maps 4.3 & 4.4).

The Picota Plaza, |ocated 1 km due west of the site
center, contains approxi mately 1477 nf of surface and houses
the Picota streambeneath its floor. |In order to estimate
how much surface space was gai ned by channeling the stream
under ground, the average width of the Picota arroyo was
cal cul ated by systematically neasuring its wdth where
canal i zati on was absent; an average width of 7.23 m was
established. This figure was then multiplied by 47 m the
| ength of the Picota aqueduct (P-Al), to arrive at an
estimate of 340 nf of surface area created by covering the
stream (Figure 4.2). The construction of P-Al all owed the
Maya of Pal enque to increase their plaza size by 23 percent
(Maps 4.1 & 4.2). Apart from plaza expansi on, the absence
of the aqueduct woul d have prevented the construction of

the structure and staircase built on the south side.
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I and gai ned
aver age Aqueduct | and opposite
pl aza arroyo I ength gener at ed % streansi de total %
si ze (nf) wi dth (m (m (nf) i ncrease (nf) gai ned

Pi cota

Pl aza 1477 7.23 47 340 23 na 23
Mai n

Pl aza 33421 6.27 154 971 3 6547 23

Figure 4.2 — Pl aza expansion cal cul ati ons
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Mai n pl azas are one of the nost inportant el enents of
a Maya center. The counterweight to nass is void, and the
Maya val ued the plazas as nmuch as the structures that
surrounded them (M Il er 1999:23). Larger buil dings demand
| arger plazas, so the plazas required expansion as a city
grew and buil dings becane larger. Due to the
irregularities of Palenque s topography, expansion required
i nventiveness.

The Pal ace was constructed on the banks of the O ul um
streamin order to utilize the open space on its west side.
On the east side, the city planners constructed a
subt erranean aqueduct beneath the plaza floor. Due to
variations in materials and architectural styles, the
aqueduct appears to have been inplenented in four separate
stages, with each stage creating nore space to the south
side of the plaza (Maps 4.3 & 4.4).

By covering 155 mof the Gtulum only 971 nf of surface
area was actually created, which is a nere 3 percent of the
total plaza size. But, 6547 nf of surface area was gai ned
by bridging together the area to the east of the G ulum
The | and produced by the aqueduct, along with the | evel
terrain east of the Gulum increased the size of the Miin

Pl aza by 23 percent. Today, Palenque’'s Main Plaza is
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partially divided by the Gulumstream due to the collapse

of the Pal ace aqueduct’s southern portion.
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Appendi x A. Water Features
The Arroyo Diablo (Map 3.1)
VWt er
Feature Di nensi ons Lengt h El evati on
Wal | ed
Channel
D C1 m 191. 00m
The Picota Stream (Map 3. 2)
VWt er
Feat ures Di nensi ons Lengt h El evati on
Aqueduct s
P- Al 46. 7Tm 189. 90m
P- A2 3.67m 189. 99m
Pool s
P- P1 7.2m x 2.84m 187.87m
P- P2 7.8m x 4.8m 186. 23m
Dr ai ns
P- D1 7.14m
Dam
N- DML Am x 2m | 179. 38m
The Arroyo Piedras Bolas (Map 3.4)
VWt er
Feat ures Di nensi ons Lengt h El evati on
Aqueduct s
PB- Al 6. 35m 189. 28m
PB- A2 6. 66m 181. 98m
PB- A3 9. 75m 180. 00m
Pool s
PB- P1 5.25m x 2.75m 180. 97m
PB- P2 3m x 3m 179.93m
Dr ai ns
PB- D1 30cm x 50cm 4.5m
PB- D2 9. 75m




The Arroyo Motiepa (Map 3.6)

Wt er

Feat ures Di nensi ons Lengt h El evati on
Aqueduct

MT- Al 4.5m x 1.5m 189.17m
Dam

MTI'- DML 8.18mx 1m 189. 91m

The Bernasconi Stream (Map 3.7)

Wt er

Feature Di nensi ons Lengt h El evati on

Wal | ed

Channel

Roughl y

J-C1 50m 159. 00m
The Arroyo QGulum (Map 3.8 & 3.9)

VWt er

Feat ures D nensi ons Lengt h El evati on

Wal | ed

Channel

or-c 96. 5m

Aqueduct s

Or- A1 58.5m 187.50m

Or- A2 19. 40m 110. 83m

Or- A3 13. 60m 110. 83m

Bri dge

Or- B1 10. 25m x 10. 25m 173. 80m
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The Arroyo Murci él agos (Map 3. 11)

WAt er
Feat ur es

Di nensi ons

Lengt h

El evati on

wal | ed
Channel s

M C1

13. 5m

136. 77m

M C1

81. 00m

132. 99m

Dam

M DML

183. 83m

Bri dge

C Bl

4m

163. 52m

The Arroyo Balunte (Map 3.12)

WAt er
Feat ur es

Di nensi ons

Lengt h

El evati on

Aqueduct

B- Al

11. 48m

103. 31m

wal | ed
Channel

B-Cl

5.5m

102. 03m

The Arroyo Ach’

(Map 3.13)

WAt er
Feat ur es

Di nensi ons

Lengt h

El evati on

Aqueduct

AC- Al

33. 00m

164. 37m

Pool

AC- P1

5.25m x 5. 25m

113. 54m
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Appendi x B. Springs’

The Arroyo Diablo (Map 3.1)

Spri ngs Architecture Per enni al El evati on
DSl - + 191. 51m
D S2 - + 188. 17m
ES- S1 - - 162. 26m
ES- S2 - + 152. 75m
O wth 3
4 springs architecture per enni al
The Picota Stream (Map 3. 2)
Spri ngs Architecture Per enni al El evati on
P-S1 - - 235. 94m
pP- S2 + + 196. 44m
P- S3 - + 192. 65m
P-4 - + 191. 24m
P- S5 + P-P1 + 187.87m
P- S6 + P-P2 + 186. 23m
pP- S7 - - 187.91m
L-S1 - + 132.49m
L- S2 - + 117.72m
L- S3 - + 125. 49m
L-$4 - + 116. 86m
L- S5 - + 116. 64m
L- S6 - + 116. 69m
L-S7 - + 106. 49m
3 wth 12
14 springs architecture per enni al
+ present
- absent
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The Arroyo Piedras Bolas (Map 3.4)

Spri ngs Architecture Per enni al El evati on

PB- S1 - - 188. 00m

PB- S2 + PB-P1 + 180. 97m

PB- S3 - + 176. 70m

MR- S1 - + 157. 73m

MR- S2 + terrace - 163. 43m

G Sl - + 112. 05m
2 with 4

6 springs architecture per enni al

The Arroyo Motiepa (Map 3.6)

Spri ngs Architecture Per enni al El evati on

MT- S1 - + 188. 14m
+ terrace

E- S2 cor ner + 187. 48m

E- S3 - + 178.99m

GE- 31 + wal | + 171. 80m

JO S1 + JO97 - 167. 71m

ME- S1 - + 135. 08m

VE- S2 - + 133.97m
3 wth 6

7 springs architecture per enni al

The Bernasconi Stream (Map 3.7)

Spri ngs Architecture Per enni al El evati on

E- S1 - + 228.52m

J-S1 - - 175. 66m

J-S2 + wal | - 173. 71m

J-S3 - + 165. 73m

J-$4 - + 158. 71m

J- S5 - - 166. 32m
1 with 3

6 springs architecture per enni al
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The Arroyo Gulum (Map 3.8 & 3.9)

Spri ngs Architecture Per enni al El evati on
Cv-S1 - - 260. 03m
ST-S1 - - 212.12m
or- s1 - + 210. 49m
or- S2 - + 208. 73m
Or- S3 - + 193. 16m
M5- S1 - + 101. 29m
0O with 4
6 springs architecture per enni al
The Arroyo Murci él agos (Map 3. 11)
Spri ngs Architecture Per enni al El evati on
M S1 - - 238. 56m
M S2 - - 188. 90m
M S3 + wal | + 181. 58m
1 with 1
3 springs architecture per enni al
The Arroyo Balunte (Map 3.12)
Spri ngs Architecture Per enni al El evati on
B- S1 - + 114. 48m
Z-S1 - + 100. 90m
Z- S2 - + 100. 68m
X- S1 - + 103. 73m
X- S2 + B-Al + 103. 62m
1 with 5
5 springs architecture per enni al
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The Arroyo Ach’ (Map 3.13)
Spri ngs Architecture Per enni al El evati on
AC- S1 - - 178. 42m
AC- S2 - + 120. 40m
AC- S3 + AC P1 - 113. 54m
MB- S1 - + 105. 85m
MB- S2 - + 106. 99m
1 with 3
5 springs architecture per enni al
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