
The Northern Guam Lens Aquifer supplies 80 percent of Guam’s drinking water.  
This poster briefly describes the basic geologic features by which it captures and 
stores the fresh water that supports Guam’s modern economy and quality of life.  
Like all limestone island aquifers, the Northern Guam Lens Aquifer has four 
main parts: 1) the tight, non-productive volcanic basement rock that constitutes 
the base of the aquifer; 2) above the basement, the porous, soluble, water-bearing 
limestone bedrock aquifer, from which we draw our fresh water; 3) within the 

aquifer, features that control the entry, storage, and transmission of the water; 
and 4) the aquifer surface, which captures rainwater, the sole source of the fresh 
water in the aquifer. 

Figure 1 illustrates the process by which rainwater is captured at the surface, and by which 
it descends to the thin, lens-shaped body of fresh water that floats on the underlying 
saltwater in the aquifer.  Fresh water in the lens is constantly flowing toward the coast, 
where it discharges in seeps and springs at and below sea level.  Water descending to the 

lens from the surface constantly replaces the water that the lens discharges into the sea.  
Figure 2 shows the surface of the aquifer, with the outlines of sinkholes, which drain the 

surface, and traces of faults, which influence the lateral transmission and discharge of 
groundwater.  Figure 3 is a contour map of the impermeable basement rock that divides 
the aquifer into six geographic basins and three subterranean groundwater zones.  The 

three zones within each basin present different prospects and constraints for groundwater 
development and use.  Figure 4 is a schematic cross section of the aquifer, with features 

such as would be found along a flow path from Yigo to Tumon Bay.  The vertical 
dimension is exaggerated to better illustrate the internal features of the aquifer.  Figure 5 

shows the same section, but at its actual scale.  Figure 6 shows the distribution of Guam’s 
current water production wells, and the several observation wells by which WERI and 

USGS hydrologists track the condition of Guam’s groundwater supply.  Figure 7 shows the 
current salinity of the water from the wells, in terms of milligrams per liter of chloride ion, 

by which regulatory standards for salt content are set.

Hydrologic role of sinkholes, 
shafts, and caves

Recharging waters enter the aquifer and descend to the water table in two 
ways: 1) by slow percolation of water from ordinary rainfall that infiltrates 
through the ground surface, and 2) by fast flow of water that ponds in 
natural surface depressions, called sinkholes, during heavy storms.  Most of 
the recharge to the freshwater lens comes from percolating waters, which 
can take up to 20 months to reach the water table.  Fast flow from heavy 
storms, however, can bring surface water to the water table in only a few 
hours, or even minutes.  Since contaminants carried by storm water can 
thus be rapidly delivered to the freshwater lens, it is important to protect 
sinkholes from activities and practices that could bring or release waste, 
sewage, or chemical contaminants into them.  The fast flow process is 
permanently on display here in this sinkhole on the flank of Mataguac Hill, 
where a small perennial spring provides a modest but steady flow of water 
to the nearby open cave, seen here, and into the swallow hole located at the 
cave’s bottom (see inset photo).

PART  THE FLOOR OF THE AQUIFER - The Volcanic Basement Rock
   Alutom Formation, Mount Alutom

PART  THE CORE OF THE AQUIFER - The Limestone Bedrock
   Barrigada Limestone, DPW Quarry, Dededo

PART  PLUMBING OF THE AQUIFER - Surface and Internal Draimage
   Mataguac Hill Peace Memorial Park

PART  THE ROOF OF THE AQUIFER - The Water Catchment System
   Summit of Mount Santa Rosa
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Part 1: The Floor of the Aquifer – The Volcanic Basement Rock

Part 3: Plumbing of the Aquifer – Surface and Internal Drainage

Part 2: The Core of the Aquifer – The Limestone Bedrock

Part 4: The Roof of the Aquifer – The Water Catchment System

Hydrologic role of the basement rock
 
Named the Alutom Formation, this hydrologically “tight” volcanic rock unit forms 
subterranean hills, ridges, and valleys beneath the overlying limestone bedrock (see 
Figure 2).  Accurate knowledge of the basement topography is the first prerequisite to 
successful groundwater exploration on northern Guam.  Beneath about one-fifth of the 
plateau surface the basement partitions the aquifer into six semi-contiguous groundwater 
basins.  Descending groundwater concentrates along the axes of valleys above sea level and 
may even be impounded in some small subterranean reservoirs.  Although very difficult to 
locate, such streams and patches of supra-basal water are the freshest water in the aquifer, 
and are invulnerable to saltwater contamination.  The water descending down the hills 
and valleys to sea level is concentrated there into a rim of para-basal fresh water, which is 
underlain by volcanic basement rock rather than saltwater.  Because it is thus very fresh and 
much less vulnerable to saltwater contamination than the surrounding basal water of the 
freshwater lens, the para-basal zone has long been the zone of choice for development and 
production of groundwater.

Hydrologic role of the Barrigada Limestone

The Barrigada Limestone comprises the bulk of the aquifer.  This limestone 
is overall noticeably porous.  A closer look, however, reveals that its porosity 
can vary remarkably over just a few tens of feet (see inset photo).  Thus, even 
though this rock is very porous at the regional scale, only about one in three or 
four exploratory wells usually proves suitable for production.  Successful wells, 
however, can yield 200 to 500 gallons per minute.  As shown in Figure 3, there 
are three groundwater zones in the aquifer.  Basal groundwater is widespread, 
but since it is underlain by saltwater it is vulnerable to saltwater contamination.  
Para-basal water is underlain by basement rock rather than saltwater, and is 
therefore much less vulnerable.  It occupies only about 5 percent of the aquifer, 
however, and can thus be difficult to locate.  Water descending down basement 
rock above the lens is termed supra-basal.  Because it is not in contact with 
saltwater, it is invulnerable to saltwater contamination.  Since it is confined 
mainly to bedrock fractures and cave networks, however, it is very difficult to 
locate but can be very productive.  The highest-producing well in the aquifer—
yielding 750 gallons per minute—is a supra-basal well.

Hydrologic role of the aquifer surface

All of the water that recharges the freshwater lens begins as rainwater falling on 
the surface of the northern Guam plateau (see Figures 1 and 2).  Some 70 percent 
of Guam’s rainfall arrives during its wet season, from July through December.  
Ongoing studies of cave dripwaters suggest that hardly any of the other 30 
percent that falls during the dry season contributes to recharge of the lens.  
Consistent with these findings, another recent study of recharge suggests that 
about 50 percent of total annual rainfall evaporates or is taken up and transpired 
by vegetation growing on the plateau, while the other 50 percent descends 
through the limestone—either directly to the water table or onto the flanks of 
the basement hills and valleys that occupy the 20 percent of the aquifer within 
the supra-basal zone.  Past studies suggest that over the long term, up to about 
30 percent of recharge may descend via fast flow routes, fed by sinkholes such as 
seen in Part 3.  Both percolating as well as fast-flowing waters can pick up and 
transport biological and chemical contaminants.  Quantifying aquifer recharge 
and predicting the pathways and fates of contaminants carried from the surface 
are important challenges for hydrological research on Guam.

Alutom Formation, Mount Alutom

Here, around the crest of Mount Alutom, are the 
island’s best outcrops of the practically impermeable 
volcanic basement rock that underlies the entire 
Northern Guam Lens Aquifer.  The summit of 
Mount Alutom also provides an impressive view 
of the northern limestone plateau—the surface 
of the aquifer.  To the far northeast can be seen 
Mount Santa Rosa (Part 4).  Standing above the 
surface of the surrounding limestone plateau, 
Mount Santa Rosa is formed from an up-thrown 
block of the same volcanic basement rock seen on 
Mount Alutom.  All that can be seen of the Alutom 
Formation on Mount Santa Rosa, however, are 
patches of soft, decomposed volcanic rock that 
geologists call saprolite, which mantles the hard, 
unweathered rock deep beneath it.

Surface water and sinkhole, 
Mataguac Hill Peace Memorial Park

In addition to its significance as a World War II 
historical site, the Peace Memorial Park provides 
an outstanding example of a natural sinkhole, with 
a visible active swallow hole at its bottom (see inset 
photo).  The swallow hole has formed along the 
contact between the soluble limestone bedrock 
above and the insoluble volcanic basement below.  
Here, water that constantly flows from the small 
nearby spring that forms in the volcanic rock of 
Mataguac Hill, and storm waters that occasionally 
run off the flank of the hill, enter the aquifer and 
descend some 400 vertical feet to the water table.

Barrigada Limestone, 
DPW Quarry, Dededo

Active quarrying of the limestone here in the 
“Dededo Coral Pit” provides some of the island’s 
most accessible and instructive exposures of the 
rock that comprises the core of our aquifer.  This 
limestone is actually not from coral, however, but 
is rather a granular detrital limestone, deposited in 
deeper waters mostly from accumulation of shells 
and shell fragments left behind over millions of 
years by tiny organisms that colonize shallow ocean 
banks and the water above.  Fresh cuts in the quarry 
walls provide outstanding examples of the kinds of 
porosity that constitute the internal plumbing of the 
aquifer.
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Mount Alutom

DPW Quarry
Mataguac Hill

Mount Santa Rosa

Fig. 1
Aquifer
Processes

➤  Geographic extent
    all of northern Guam
➤  Total surface area
    83 sq mi (214 sq km)
➤  Average annual rainfall 
    ~100 inches / year
    467 million gallons per day
➤  Estimated recharge
    238 million gallons per day
 

➤  Current production1 
    (million gallons per day)

➤  Number of production wells
         150
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1Information on the number of wells and production is from Guam EPA, Guam Waterworks Authority Engineering Department, 
US Navy, and US Air Force. Information provided for educational discussion only. Not to be used as authoritative reference for 
engineering, planning, or legal purposes.
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Aquifer Surface
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Fig. 4
Internal Features of the Aquifer

Fig. 5
Cross-Section of the NGLA
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Vista of entire aquifer, 
Summit of Mount Santa Rosa

The summit of Mount Santa Rosa provides a spectacular 
view of the entire aquifer surface, including each of its 
six basins (see Figures 2 and 3).  The Hagatña Basin can 
be seen at the extreme southwest.  The Finegayan Basin 
occupies the far side of Mataguac Hill, to the west.  The 
Agafa Gumas Basin occupies the northern-most portion 
of the plateau, seen to the northwest from here.  The 
Andersen Basin, named for the Air Force base, is readily 
seen just to the north.  The Mangilao Basin starts on the 
southern flank of Mount Santa Rosa and runs southwest 
along the Pacific coastline to the southeastern flank of 
Barrigada Hill.  This view provides a particularly good 
perspective of the Yigo-Tumon Basin, which heads 
between Mount Santa Rosa and Mataguac Hill and runs 
southwest beneath the villages of Yigo, Dededo, Tamuning, 
and Tumon.  The axis of the Yigo-Tumon Basin, termed 
the Yigo Trough by local hydrologists, contains the greatest 
concentration of production wells in the aquifer (see Figure 6).
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The four parts of the aquifer described on this poster can be observed in different 
sites in northern Guam. The four sites featured below provide the best examples.

Tumon Bay to 
Mount Santa Rosa [           ]

Water table


