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Mt. Shasta Stratovolcano
(Elevation 4317 m – 10 Glaciers)
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Big Springs Complex

Shasta River



Historic Salmon Production

• During the late 1920’s 
and early 1930’s the 
Shasta River had half 
of the Chinook in the 
entire Klamath Basin 
and less than 1% of 
the water.

• Adult returns over 
80,000 when first 
counted in 1930

Courtesy of Siskiyou County Museum



Historically, the Shasta River was one of 
the most productive salmon rivers on the 

Pacific Coast of the continental USA

What made the Shasta River such 
a productive salmon habitat?
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Big Spring Shasta
(788 m)

Consistent flow:  90 cfs



Big Springs Water Characteristics

 Mean recharge elevation: ~ 2,880 m 
 elevation based on H2

18O 
 outflow temperature: 10-12o C
 slightly thermal spring

 Mean water age: 30 years (range 25 - 44 yr)
 tritium-helium dating
 a deep, long, regional groundwater flowpath



Spring fed
Snow melt

Spring-fed vs Snow-melt Stream Hydrographs

http://or.water.usgs.gov/projs_dir/deschutes_gw/



 PO4-P:  ~0.15 mg/L
 16 kg/d of PO4-P 

 NO3-N:  ~0.48 mg/L
 51 kg/d of NO3-N 

 N:P = 7.1 (molar)
Redfield N:P = 16

Big Springs Nutrients



Volcanics

Sedimentary & 
metasedimentary rocks 

containing nitrogen

PO4

NO3

s1037.photobucket.com 
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Equilibrium with Hydroxyapatite
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Mudstone
784 - 906 mg N/kg

Sandstone
453 - 498 mg N/kg

Thermally-altered Mudstone
100 - 118 mg N/kg

Nitrogen in Hornbrook 
Formation Outcrops



Habitat diversity
Velocity refuge
Increased stage 

Shading of water column
Food web – 1o productivity



Nitrate Transport Downstream from Big Springs
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2008 Macrophyte Density
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Primary Productivity
• Nutrients increase primary productivity
• Macro-invertebrate densities in excess of 

100,000 individuals / m2

Primary productivity >140g AFDM/m2

cbd.int 

Polygonum sp.
Myriophyllum sp.

Dominated by scuds, baetidae, 
and brachycentrus
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Expanded Spring Water Study





Importance of Springs for 
Salmon Productivity

 Constant flow of water
 Constant water temperature (10-12o C)

 Phosphorus inputs from weathering of 
volcanic rocks

 Nitrogen release from sedimentary rocks
 The resulting prolific primary productivity 

provides both food and habitat



What makes these volcanic spring-fed systems so productive?
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Despite the rapid loss of glaciers in the western USA, Mt. Shasta 
glaciers have expanded ~50% over the last 50 yr.  Global warming 
may affect Mt. Shasta springs in the future.

Spring-fed rivers act as refugia for cold water species and may be an 
important target for salmon conservation & restoration activities.



Nitrate – N                 10      0.05                        0.15 – 0.64
Nitrite – N           1.0     0.05                               ND
Ammonia – N                  -- 0.05                       0.074 – 0.088
Orthophosphate     -- 0.10                          0.14 – 0.24

http://www.crystalgeyserasw.com/docs/Bottled_Water_Report_Shasta.pdf
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