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Purpose of this field trip.  This day-long field trip is designed to provide 
practicing water resource scientists, engineers, planners, managers, 
executives, regulators, and policy-makers with a quick but solid introduction 
to the characteristics of the rock units and other natural features that 
determine where and how water is captured, stored, and transmitted in 
the Northern Guam Lens Aquifer (Mink and Vacher, 1997) —and where and 
how it can thus be extracted in economically significant quantities.  It also 
provides an introduction to the features that determine the vulnerability of 
the aquifer to different types of contamination, and the sorts of prevention, 
recovery, or remediation approaches that are most appropriate.  With the 
minimum number of stops, this trip provides the “big picture” of how the 
aquifer works and insights into how we can best manage it for economical, 
sustainable production.



4

Pago Bay
Sea levels and the evolution of discharge 

The face of the cliff behind WERI provides a convenient exhibit of 
the erosional imprints of three sea levels: the modern sea level, 
the 2-meter high Mid-Holocene (~5000-3000 years ago) sea level, 
and the 6-8 meter high interglacial (~120,000 years ago) sea 
level.  On islands such as northern Guam, which are capped by 
thick layers of geologically young, uplifted limestone, there are 
no streams; rainwater is absorbed and stored in the limestone in a 
lens-shaped body of fresh water that flows toward the coast, where 
it discharges into the ocean in seeps and springs on the beaches, 
reefs, and limestone cliff faces. When a given sea level persists for 
sufficient time, a distinct groove develops in the cliff faces from a 
combination of bio-erosion, mechanical erosion, and dissolution of 
the limestone by the discharging fresh water.  Behind each of the 
elevated grooves seen here a planar zone containing numerous 
interconnected voids extends throughout the rock layer, marking 
the position of the surface (water table) of the ancient fresh water 
lens.  At the modern water table, such a zone is developing today. 

Look across the bay toward the ocean and imagine what the coast 
must have looked like 20,000 years ago, when sea level was 400 
feet (120 meters) lower, as it has been roughly every 100,000 years 
before for that for about the past million years.  At intermediate 
still-stands, similar grooves were likely cut, so that similar higher-
permeability zones formed behind them at levels that are now 
submerged.  The vertical section of the aquifer therefore likely 
contains such zones, which could be within the depth of the 
freshwater lens, as well as below it.   

One the other side of the island, the cliff face at Amantes Point, which stands some 200 feet (60 meters) high exhibits 
at least five such elevated grooves above modern sea level, and it is reasonable to expect that there may be a similar 
number, with similar spacing in the section of the cliff that currently lies below sea level.  There are known to be at 
least four submerged terraces documented below modern sea level around the island.  There are thus likely to be 
several transverse zones distributed at different levels in the aquifer in which the porosity, and hence the permeability 
(the ability of the bedrock to transmit fluids) is much higher than the surrounding rock.  Drillers frequently report 
encountering large voids near the modern water table and at consistent levels above the water table.  Water moves 
more easily through these zones, especially in the direction of the historical groundwater flow.
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From bottom: modern, Mid-Holocene, and 
last interglacial (MIS Stage 5e) grooves in cliff 
face, Pago Bay, behind WERI.

Several sea-level still-stands are recorded by the grooves in the face of the cliff at Amantes Point.  Behind 
each groove it is likely that there is a lateral plane of enhanced porosity.  Such features are also present in the 
submerged section of limestone.
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Carino Sinkhole

Example of collapse sinkhole 

Carino Sinkhole is located in a residential neighborhood in Chalan Pago, on the ridge dividing two larger closed-con-
tour depressions: Chalan Pago Uvala and Guacluluyao Dry Valley. The sinkhole is about 20 meters deep, with overhang-
ing walls and cave passages at the base. This is an excellent example of a collapsed karst feature, but is unfortunately 
also a deplorable example of environmental abuse and pollution at an aquifer recharge point. 

Collapse is the most sudden of many mechanisms by which sinkholes form. It is caused by slumping of the roof of an 
underground void: due to seismic disturbance, loss of buoyant support by removal of water, or simply due to the void 
becoming too large. Shallow voids may open to the surface in a single sudden episode, whereas deeper voids may 
gradually grow upward to the surface in a stepwise series of collapses after the initial trigger. In northern Guam specifi-
cally, voids that collapse to form sinkholes may be former or active conduits or former or active hypogenic voids (flank 
margin caves and similar non-conduit flow features dissolved in the phreatic zone). In general, collapse sinkholes do 
not extend downward to the freshwater lens because of their topographically high locations on the northern Guam 
plateau. In coastal areas, however, sinkholes do intersect the freshwater lens and contain permanent freshwater pools 
known as cenotes. (Lost Pond is an example.) In any case, collapse sinkholes represent important recharge points 
because they feed 1) original conduits and voids whose presence caused the collapse and 2) preferential pathways that 
developed subsequently to collapse as a result of focused and sustained entry of meteoric water into the topographi-
cally low site.

Carino Sinkhole, with its vertical walls, entrance to a horizontal cave passage, and a pile of garbage.

Carino Sinkhole appears to have been used as illegal dump for 
household and solid waste for decades. Its floor comprises entirely 
of rubbish, ranging from organic trash to discarded household 
appliances. The amounts of waste are such that cave passages 
leading from the sinkhole could not be adequately explored due to 
bad air quality. Rainwater that enters this sinkhole passes through 
thick layers of waste and leaches unknown harmful chemicals and 
microbial metabolites before descending into the freshwater lens 
with little or no filtration via rapid flow pathways. For that reason, 
sinkholes are high risk areas for point source pollution and are 
among the worst possible sites for waste disposal. 

Collapse sinkholes represent an additional environmental hazard. 
They may form suddenly and engulf all overlying structures. Partic-
ularly destructive collapses observed elsewhere around the world 
have included entire neighborhoods disappearing in an instant.

A collapse sinkhole located in Tamuning, 
amid hotels and a high density urban area.
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Mt. Alutom
Type locality for the Alutom Formation (Late Eocene to Early 
Oligocene): Basement rock beneath the northern Plateau

The outcrops at the summit of Mount Alutom exhibit tuffaceous 
shale, volcanic boulder conglomerate, and coarse breccia of 
the Alutom Formation.  Originally named and mapped by 
Tracey et al. (1964) as the oldest (Late Eocene-Early Oligocene) 
volcanic unit on Guam, the Alutom Formation forms the surface 
terrain of the northern half of southern Guam, from the Fena 
Basin to the Pago-Adelup Fault.  Tracey et al. also inferred that 
the Alutom Formation comprised the basement beneath the 
limestone plateau of northern Guam.  

From radiometric dating that was not available in Tracey et 
al.’s time, Reagan and Meijer (1984) later determined that the 
Alutom Formation was actually the second oldest volcanic 
formation on Guam.  As redefined by Reagan and Meijer, 
the Alutom Formation is over 1000 feet (300 m) thick and is 
composed of a lower (Late Eocene) section of altered volcanic 
breccias inter-bedded with tuffaceaous sandstones, shales, 
limestones, volcanic breccias, and minor pillow lavas, with an 
upper (Early Oligocene) section of coarse volcanic breccias 
interbedded with a few fine-grained sedimentary layers, some 
conglomerates, and a few pillow lavas.  The sandstones and shales contain angular volcanic and biogenic fragments 
supported by a clayey or calcareous matrix.  The breccias and conglomerates include intraformational sandstones 
and shales, reefal and non-reefal limestones and volcanic rocks.  The volcanic clasts are composed predominantly of 
aphyric basalt, together with highly porphyritic dacite and andesite.  Reagan and Meijer reported finding a greenschist 
metavolcanic rock in the Alutom Formation.  Shallow-water limestone clasts near the base of the Alutom Formation 
indicate that the edifice from which the lavas and breccias erupted was near sea level early in its eruptive history.  The 
final Oligocene event recorded on Guam is the intrusion of sills into the Alutom Formation around 32 million years ago.  

Outcrop of bedded volcaniclastic rock of the 
Alutom Formation, Mount Alutom.

Deeply incised stream valleys form along fractures and faults in the deeply weathered surface of the Alutom 
Formation.  From Mount Alutom, facing east.
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Where the Alutom rocks form the surface terrain, deeply incised surface drainage systems form in the weathered 
(saprolitic) rocks.  The vegetated, weathered mantle and underlying bedrock of the Alutom terrain are capable of storing 
and releasing sufficient baseflow to maintain at least some slow flow in most of the larger surface streams through 
most dry seasons.  Mink (1995) reported that the range of measured hydraulic conductivities in the Alutom Formation 
was 0.03 to 2.5 feet per day, with most values less than 1 foot per day  (in contrast to local hydraulic conductivities in the 
limestone aquifer on the order of 1000-5000 feet per day).  Because the limestone aquifer of the north is so much more 
productive, there has been no significant development of groundwater in southern Guam.  Rather, the water sources of 
southern Guam are primarily the Navy’s Fena Reservoir and GWA’s Ugam River impoundment, which together supply 
most of the water for the residents of the south, and about 20% of the total for the island.  

Where Alutom rocks are overlain by limestone, they present a barrier to the flow of descending waters so that networks 
of open conduits, similar in plan to a surface stream system, develop along the contact between the limestone bedrock 
and the underlying volcanic rock.  On the Southern Mountains, where the Miocene Alifan Limestone caps the ridge 
from Mount Alifan south to Mount Lamlam, substantial springs form along the Alifan-Alutom contact, including 
Almagosa Spring, which has been developed to supply water to the Navy’s Fena Reservoir system. 
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Interior of Almagosa Cave, 
which discharges to Almagosa 
Spring.  The floor of the cave 
follows the contact of the 
Alifan Limestone with the 
underlying Alutom Formation.  

Almagosa Spring emerges at 
the contact where the Miocene 
Alifan Limestone caps the 
ridge of Alutom volcanic 
rocks in the Tenjo Block of the 
Southern Mountains.
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Barrigada Limestone: Principal Aquifer Rock

The Dededo “coral pit” is one of the best and most accessible current exposures of the Barrigada Limestone on the 
island.  The Barrigada Limestone is a detrital limestone, composed mostly of the shells of tiny free living organisms 
(foraminifera) whose shells accumulated on the shallow bank formed by the flank of the collapsed volcanic edifice 
that comprises the basement rock of Guam.  It is by far the dominant rock unit of the Northern Guam Lens aquifer, 
occupying the core of the plateau, and extending to the volcanic basement rock down to more than 1,500 feet (450 
meters) below sea level.  The Barrigada Limestone is in many ways an ideal aquifer rock.  The porosity, ranging from 
5-25%, is sufficiently high for water to move easily through it, but sufficiently low to provide good storage capacity.  
It is soft and easy to drill; some portions are so friable that the rock can be crumbled by hand.  Some are chalk-like in 
texture.  Local hydraulic conductivities in the Barrigada Limestone range from about 1,500 to 5,000 feet (450-1500 
meters) per day.  Regional hydraulic conductivity of the aquifer as estimated from modeling studies (e.g., Jocson, 
Jenson et al. 2002) is about 20,000 feet (6 kilometers) per day!  The edge of the plateau is flanked by the reef facies of 
the Mariana Limestone.  Inland from the perimeter, the plateau is covered with a veneer of the detrital and lagoonal 
facies of the Mariana Limestone, which thins out to expose the Barrigada Limestone at the surface in the north central 
area of the plateau, as here in Dededo.  

The Barrigada Limestone is pure white, except where pores have been stained reddish-brown by deposits of iron 
oxides from water percolating down through it.  Texture varies from firm and fairly massive to soft and friable.

The Barrigada Limestone, the primary rock unit of 
the aquifer, is especially well exposed in the Dededo 
“Coral Pit.” The rock here is not coral, however, but 
rather a detrital foraminiferal deposit laid down long 
before the lagoonal and reef deposits of the Mariana 
Limestone that occupy its surface and periphery.

The weathered limestone surface, called the 
epikarst, typically extends down to about 30 feet, 
and can be hundreds or even thousands of times 
more porous and conductive than the unweathered 
limestone beneath it.  The epikarst plays a major 
role in the catchment and infiltration of water in 
karst terrains.
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Ypao-pao Sinkhole
Example of dissolutional doline 

Closed depressions, or sinkholes, are among the defining features of karst — the characteristic landscape that forms on 
limestone and other soluble rocks (White, 1988). There are two general types of sinkhole: (1) collapse sinkholes, such as 
the Carino Sink in Chalan Pago, or Tarague Well #4 on Andersen AFB; and (2) dissolutional dolines, such as this spectacular 
example in the Ypao-pao area of Dededo.  Whereas collapse sinkholes form “from the bottom up” when the growth or 
upward extension of an underlying void breaches the surface, dolines form “from the top down.”  The current theory 
is that the locally dominant primary (i.e., original) closed depressions tend to collect frequent pools of surface water 
and thick patches of sediment.  The combination of mechanical and chemical erosion wrought by vegetation and soil 
microorganisms that thrive in this environment hollows out the original depression, which is then able to capture even 
more water and sediment, thus further accelerating and concentrating the erosion process.

Ponded water that accumulates during heavy storms, moreover, works its way into pre-existing fissures and widens them 
into “swallow holes,” natural drain holes that form in the lowest points of the doline (Klimchouk, 2000).  These become 
the openings of shafts that converge into extensive vertical fast-flow paths through the vadose zone.  Under optimum 
conditions, storm waters can reach the water table hundreds of feet below in a matter of hours or even minutes (Datuin, 
2009; Lander et al., 2001).  Faults and other regional-scale fissures are typically overlain by lines of sinkholes, of which 
the Ypao-pao Sinkhole is prominent example.  The Ypao-pao Sinkhole occupies the southwest end of a linear northeast-
southwest-trending depression formed by a linear cluster of sinkholes that almost certainly follows a regional fault (see 
map.)  The remarkably thick layer of sediment that has accumulated in this sinkhole is being mined to provide soil for 
landscaping development.  Rapid accumulation or redistribution of sediment in the bottom of the sinkhole can block 
the natural swallow holes, causing water to pond for longer that it otherwise would.  Conversely, drainage rates can be 
enhanced by removing the sediment or drilling injection holes through it, into the underlying weathered bedrock.  

Large sinkholes such as this one have obvious implications for groundwater occurrence and quality.  Water wells drilled 
nearby are likely to be high producers because they may intercept zones of high porosity along pathways of concentrated 
transport.  On the other hand, wells near such features may be vulnerable to episodic contamination from storm waters 
carrying surface contaminants into the sinkholes, where they may descend rapidly, without any natural filtration, to the 
water table.

A view of the Ypao-pao Sinkhole. Note the thick layers of sediment accumulated in the depression.
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Location map for the Ypao-pao Sinkhole (red arrow) and a series of additional sinkholes forming a line extending 
NW-SW (red oval). 

A closer view of a part of Ypao-pao Sinkhole. 
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Yigo Fire Station Area
Examples of Water Wells in the Yigo-Tumon Trough

The wells in this area were installed in the 1960s, and are currently being re-installed, as the original casings and other 
steel materials have deteriorated and well performance has deteriorated.  Pump tests of these wells, which are spaced 
about 1,000 feet apart, show the variability of the hydraulic properties of the Barrigada Limestone.  One well was 
recently pumped at 200 gallons (760 liters) per minute with only about 9 inches of drawdown, while one of the others, 
only 2000 feet away, showed nearly 9 feet of drawdown when pumped at 280 gallons per minute.  This area is arguably 
the most productive in the entire aquifer.  Potential yields from wells in this area range up to at least 750 gallons (2900 
liters) per minute or 1 million gallons (3.8 million liters) per day.

Production well in the Yigo-Tumon Trough, on a side road near the Yigo Fire Station.  These wells can produce 
high yields of high quality water.
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Mataguac Hill
Intra-Volcanic Spring and         
Stream Insurgence at Limestone-Volcanic Contact 

Mataguac Hill, like the much higher and larger Mount 
Santa Rosa to the east of it, is a weathered outcrop of 
the Alutom Formation that stood as a small island in the 
lagoon that filled the plateau during the time the Mariana 
Limestone was laid down (from 5 to 2 million years ago).  
Mataguac Hill was the site of the headquarters for the 
Japanese garrison that occupied Guam during World War 
II from December 1941 until August 1944.  It is also the site 
of ancient Chamorro settlements which, like the garrison 
headquarters, utilized a small spring that issues from the 
volcanic outcrop.  It is now the site of the Japan-Guam 
Peace Park, which maintains the site as a memorial.  At 
the back of the park, there is a large sinkhole accessible 
by steps that lead down the bottom.  During heavy rains, 
especially when the ground is already wet, storm water 
runs off the surface of the hill and enters the limestone 
aquifer through this and other sinkholes that have 
formed along the contact at the flank of the hill.  Off 
to the right of the stairway (facing down) the actual 
insurgence (drain hole) of the sinkhole can be seen.  
Here the storm water from the sinkhole drains into a contact cave that carries the water down along the contact to the 
water table (near sea level), some 400 feet below.  The insurgence also captures the nearly continuous but variable flow 
from the spring that issues from the flank of the volcanic outcrop.  The spring produces a modest but reliable flow, except 
after extended dry spells, when the modest storage of the volcanic outcrop above the spring is exhausted.

Mataguac Hill and Mount Santa Rosa straddle the head of 
the Yigo-Tumon sub-basin, which extends from the saddle 
between them.  The sub-basin is flanked on the east by 
the Santa Rosa-Barrigada Rise and on the west by the 
Mataguac Rise.  This is the single most prolific zone water-
bearing zone the aquifer, because water that percolates 
through the limestone on the flanks of the Santa Rosa and 
Mataguac Rises converges along the axis of the trough.  
The limestone is particularly porous here; wells installed in 
this zone can deliver hundreds of gallons per minute with 
just a few inches of drawdown.  Except for the portion 
intercepted by some 50 wells that draw water from this 
sub-basin, all the water captured by the Yigo-Tumon sub-
basin eventually flows to Tumon Bay, where it discharges 
in the spectacular springs that can be seen on the beach 
at low tide, and in the bay out to the reef margin when the 
surf is flat.

Stairway and WWII spring impoundment built by the 
Japanese garrison at Mataguac Hill.

View to the east from the east flank of Mataguac Hill.  Mount Santa Rose occupies the horizon in the center of 
the photograph.  The spire of the Peace Memorial dominates the center right of the photograph.  To the im-
mediate left of the spire are the tops of coconut trees growing in the bottom of the sinkhole that has formed at 
the contact of the volcanic outcrop and the adjacent limestone.  The terrain between Mataguac Hill and Mount 
Santa Rosa is the headwater catchment of the Yigo-Tumon Sub-basin, the largest and most prolific of the North-
ern Guam Lens Aquifer’s six sub-basins. 

Large beach spring exposed near the Outrigger 
Hotel in Tumon Bay at low tide.  Estimated discharge 
from this spring is 1,000,000 gallons per day.
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Mt. Santa Rosa
Vista of Yigo-Tumon Trough, Northern Guam Lens Aquifer 

Mount Santa Rosa is the highest point (~850 ft) on the northern Plateau.  Mataguac Hill can be seen to the west-north-
west across the topographic saddle.  The saddle between these two peaks forms the head of the Yigo-Tumon Trough, 
which is expressed in the surface terrain as well as the basement topography.  Mount Santa Rosa is an up-thrown fault 
block (“horst”), the southwest flank of which is occupied by Alifan Limestone.  Some spectacular caves have formed 
that follow the faults and their intersections with the Alutom basement.  The network of caves on the southwest flank 
of Mount Santa Rosa apparently discharges at Janum Spring, which anciently supported a thriving settlement.

You can also see several sinkholes that have formed along the contact of the volcanic outcrop and the adjacent lime-
stone, particularly where the ephemeral streams that plunge down the slope of the hill discharge onto the contact.  
These are natural entry points—like natural ponding basins—where storm water concentrates and enters the aquifer 
during heavy storms (including local thunderstorms as well as large tropical storms).

View from over the summit of Mount Santa Rosa, 
on which stands the air traffic control radar for the 
island.  Immediately in the background are jet fuel 
storage tanks that supported the Cold War mission 
of B-52 Bombers that were once stationed at 
Andersen Air Force Base.

View from over the summit of Mount Santa Rosa 
southwest, down the axis of the Yigo-Tumon 
Trough, the most prolific producing area of the 
aquifer. The villages of Yigo, Dededo, Tamuning, 
and Tumon occupy the topographic basin.  Arrow 
shows Mataguac Hill.

View to the southwest from Mount Santa Rosa.  
Nimitz Hill and Orote Point appear in the center 
background.  In the lower left is a cavernous 
sinkhole (arrow).

Volcanic floor of the stream channel in Awesome 
Cave, Mount Santa Rosa.  The overlying white 
limestone, through which the channel has been 
dissolved forms the walls and ceiling of the 
channel.
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Sasajyan Road Cut

Mariana Limestone, Reef Facies 

The road-cut for the road that leads down into the Sasajyan area on the north-central Pacific coast of Guam exposes 
the reef facies of the Mariana Limestone, which buttresses the perimeter of the northern plateau.  Although the face 
of the cut is over-grown by black algae, the texture of the rock is visible and well displayed.  The Mariana Limestone is 
a relatively hard limestone that contains fossils of reef and lagoon-dwelling organisms.  The Mariana Limestone is the 
younger (Pliocene-Pleistocene age) limestone that comprised the reef, backreef, and lagoonal deposits surrounding 
and covering the older (Miocene-Pliocene) detrital Barrigada Limestone deposit.  Because of its position, the Mariana 
Limestone generally plays a relatively minor role in the storage and transport of fresh water in the aquifer.  Rock from 
the cliff face, however, is hardened by the deposition of crystalline calcite from the groundwater that exudes from the 
face.  This hardening of the cliff face is thought to be responsible for the erosional remnant that forms the islands that 
ring the lagoon of atolls during interglacial sea-level highstands.

Reef facies of the Mariana Limestone exposed in a quarry wall off the road down to Sasajyan.
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Ladera Tower
Vista of southern end of the Northern Plateau

The 21st floor of Ladera Tower provides an excellent view of the terrain formed on the wedge of argillaceous Mariana 
limestone that abuts the Pago-Adelup Fault scarp to the south, which we visited at the beginning of the field trip.  It also 
provides an excellent view to the north and west, whence we have just come.  Looking northwest across the plateau, 
one can see that its surface is bowl-shaped, reflecting the topography of the lagoon that occupied it some two million 
years ago.  The high-standing ramparts along the edge are remnants of the islets that once surrounded the lagoon.  
Looking south, one can see that the surface slopes gently upward in a wedge that rises to abut the highland on the 
south side of the Pago-Adelup Fault.  The wedge of 
clay-rich limestone thins to the north, pinching out 
in the vicinity between Agana-Maite and Barrigada.  
The argillaceous limestone contains about 4-6% clay 
in the matrix.  Lenses of clay and fine sediments are 
frequently exposed in road cuts and other excavations, 
and have been intercepted in wells.  The clay deposits 
in this limestone were carried by rivers that ran off the 
southern highlands into the lagoon that occupied the 
plateau during Mariana time.  At the southern end, 
the Agana Member is suspected to be extensively 
underlain by Miocene Alifan Limestone.  

The hydraulic properties of the Agana Member, and 
the Alifan Limestone, where it underlies the Agana 
Member, are significantly different from those of 
the pure-white Barrigada Limestone that underlies 
the northern portion of the Agana Wedge.  Striking evidence of the difference is that classic karst features such as sinking 
streams, blind valleys, and collapse sinkholes, which are rare on the other limestone surfaces of Guam, are abundant here.  
This suggests that the fine-scale porosity of the Agana Member is relatively small compared to the other limestones, and 
that porosity is dominated by secondary porosity, i.e., solution-widened fractures and conduits, as in the denser Paleozoic 
limestones of the continents.  Hydraulic conductivity is as low as 10 feet (3 meters) per day, with the average about 100 feet 
(30 meters) per day.  

The water table in Well A-20 at the Ordot Elementary School, where the limestone is underlain by the northward 
sloping basement descending from the Pago-Adelup Fault, stands well above feet above sea level, fluctuates by up to 
30 feet, and responds strongly to rainfall.  Water in which the base occupies the flank of the basement rock above sea 
level is now referred to as “suprabasal” water” to distinguish it from the “parabasal water,” in which the base occupies 
the flank of the basement below sea level, and the “basal” water of that portion of the lens that extends forward of the 
basement, and is underlain by sea water.  Suprabasal and parabasal waters typically have the lowest salinity of all the 
water in the aquifer. Wells in the parabasal zone are much less vulnerable to saltwater intrusion than those in the basal 
zone.  Wells in the suprabasal zone are invulnerable to salt water intrusion.  

Looking west-southwest from Ladera Tower across the terrain formed on the wedge of argillaceous Mariana Lime-
stone that  flanks the Pago-Adelup Fault.  Nimitz Hill and peaks of the Tenjo Block stand in the background.

The distinct buff-colored limestone around Pago Bay 
is the clay-rich Agana Argillaceous Member of the 
Mariana Limestone, deposited in a wedge-shaped body 
extending from the Pago-Adelup Fault Scarp, shown 
here, northward to the Barrigada area. 
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Tumon Bay

Coastal Discharge of Groundwater

Since karst terrains typically do not support surface streams, coastal and island karst aquifers eventually discharge 
all recharge waters they have captured to the sea. This occurs in the form of springs and seeps along the beaches, 
reef platforms and margins; fractures and caves that open from the cliff faces and rocky shorelines; and submarine 
fractures and caves that discharge into the near-shore zone.  Tumon Bay is the discharge zone for the entire Yigo-
Tumon Sub-basin, the largest and most productive of the aquifer’s six sub-basins.  Water discharging in Tumon Bay 
originates on the bay-side of the topographic saddle between Mount Santa Rosa and Mataguac Hill, and all points in 
between.  While the Yigo-Tumon Sub-basin occupies about 25% of the aquifer’s surface area, Tumon Bay occupies only 
about 5% of the coastline of northern Guam, the aquifer’s discharge zone.  Groundwater discharge is therefore tightly 
focused on Tumon Bay, and in fact, probably accounts for its existence.  The mixing of discharging fresh water with sea 
water produces an especially aggressive dissolutional environment, which may promote the differential erosion that 
produced the embayment in the coastline.  

During the negative tides (i.e., lower than the mean lowest-low tide) that occur during the afternoons of the spring 
tides of May through August, spectacular displays of spring and seep flow are exposed from one end of the bay to the 
other.  Groundwater flux in to Tumon Bay has been well documented (Emery 1962; Zolan 1982; Matson 1993; Jenson, 
Jocson et al. 1997; Jocson 1998).  Jocson, Jenson et al. (2002) calculated from a modeling study that included the Yigo-
Tumon Sub-basin that discharge into Tumon Bay was some 25 cubic meters (6,600 gallons) per day per linear meter of 
the beach.  This works out to an average of about 1 mgd per 150-meter span of the coastline.  Not all of the discharge 
in Tumon Bay occurs on the beach.  It is currently suspected that about half emerges on the beach while the other half 
is distributed from springs and seeps across the reef platform and even out to the margin of the reef.  When the water 
is calm and the surface smooth, one can see “boils” of water emerging from the reef platform.  A particularly striking set 
of such springs occurs behind the Hyatt Hotel.  Swimmers and snorkelers in the bay and along the reef margin can feel 
plumes of colder water rising to and floating on the surface.  Underwater, the diffraction of light passing through the 
lower-density fresh water distorts the images seen through it, producing a shimmering or “blurry” effect.  

Springs exposed on the beach during the lowest spring tides are particularly striking on the beaches in front of 
the Outrigger and Okura Hotels.  Measurements of spring discharge at the Outrigger Spring (known among local 
hydrologists as “Wet Willies Spring” after an old beach bar that occupied the spot before the Outrigger went up) 
suggest that it discharges about 1 mgd.  The discharges of the Okura springs are even larger.  Walking along the cliff line 
the forms the point between the Okura and Nikko Hotels, you can see spring water emerging from fractures and tiny 
caves in the cliff face.  These can also be seen in the cliff face that separates Gun Beach from Faifai Beach.  At Faifai, there 
is a fine example of a breached flank margin cave -- the characteristic cave type of the coastal zone in karst aquifers. 

Satellite view of Tumon Bay.   
Note the crescent shape.

General view of Tumon Bay.

Coastal springs leaving rills in 
beach sand at low tide.

Coastal springs flooded by          
seawater at high tide.
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Possible Additional Field Visits 

There are number of features of interest that we will not have time to visit on the single-day field trip at the start of the 
course. If there is interest, and sufficient time and resources, it might be worthwhile to visit some additional places. 

On Friday afternoons from August until September, the graduate hydrogeology course at UOG will be taking field trips 
to some of the places listed below, as well as other stops.  PDC participants will be welcome to participate.

The possible stops include:

~ Harmon Sink

~ Pagat Cave

~ Tumon-Maui Tunnel Well

~ AAFB Terague Well #4

~ Umatac Bay volcanic rocks

~ Lost Pond (cenote)

~ WERI-USGS observations wells and gages in CMP network 

~ New and recent well sites

~ ACEORP Tunnel Well

~ AAFB North Field doline

~ Chalan Pago-Ordot sinkholes
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