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Background
The Big Chico Creek Ecological Reserve (BCCER) is located in the canyon of Big Chico Creek in the foothills of the 
Cascade Range east of the Sacramento Valley of northern California. Three geologic formations are exposed and 
dip at less than ten degrees to the west. Marine sandstones of the 75–80Ma Chico Formation are overlain by the 
ca. 13Ma Lovejoy Basalt, which is overlain by 2–4Ma Tuscan Formation (3 units of lahar-deposited sandstones, 
breccias, and tuffs). To the west  of the BCCER the Tuscan Formation is the principal water supply aquifer in the 
Butte Basin.

The study of spring geochemistry promotes an understanding of water-rock interactions and weathering rates for 
groundwater investigations of flow mechanisms, including: residence times and pathways, mixing, and ultimately 
recharge. In addition, the geochemistry provides insight into the mineralogy encountered along the flow path that 
corroborates or improves our knowledge of the local geology and stratigraphy.  These studies improve our knowl-
edge of our water resources – water quality and pollutant transport – enabling us to better manage this precious 
resource. 

Observations and future activities:
The bulk chemical data for each spring water sample was entered into EQ3, an equilibrium 
aqueous speciation code (Wolery, 1992), to test for speciation and solubility. Electroneutrality 
was sought by adjusting the HCO3

- concentration. Analytical data for all but one of the springs 
(Riparian Spring in the Chico Formation) sampled exceed a charge-balance error of 5%. This 
difference is attributed to differences between field and lab conditions, particularly for dis-
solved CO2. Carbonate concentrations are affected by changes in temperature and degassing of 
CO2  prior to lab analysis. Charge balanced results from EQ3 calculations using field pH and 
temperature data provide more realistic data for field bicarbonate concentrations than the 
analytical data.

The waters display a bimodal distribution between Chico Formation and Tuscan Formation 
springs. This distribution is a function of silica available during water-rock interactions and 
can be interpreted using reaction path modeling. The Chico Formation waters are reducing, 
and appear to be buffered at their lower limit by the Fe(OH)3/Fe2+ stability field for an Fe2+ 
activity of approximately 10-6.

The Piper diagram indicates possible mixing relations between the waters of springs, Chico 
Creek, and groundwater. Creek and groundwater have very similar signatures, providing a 
possible link between the two and strengthening the reported hypotheses that recharge occurs 
along fractures in the creek bed.

Differences were observed between the waters from the different formations. These differences 
are a function of mineralogy, residence time, and bulk chemistry of the water as it enters the 
rock formation, and structural features of the beds. Further studies and modeling are required 
to draw conclusions regarding flow mechanisms occurring between formations and along flow 
paths.
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Chico Formation

a Cretaceous

a Fossiliferous marine sandstone

a Max thickness estimated – 2130 feet

Lovejoy Basalt
a Miocene  

a Black, dense, hard Microcrystals

        extremely fine-grained, highly

        fractured w/distinct conchoidal

        weathering surfaces

a Max thickness estimated – 65 feet

Tuscan Formation

a Pliocene 

a Volcanic mudflows, tuff breccia,
        tuffaceous sandstone and
        volcanic ash layers

a Thickness of the formation
        estimated – 800 feet
       (DWR, 2000)

a Primary water-bearing unit of
       the Butte Basin

(photo: Ryan Alward)
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Conceptual stratigraphic profile of the Big Chico Creek canyon and potential flow paths. 
The geology and topography of the BCCER enable exploration of the possible spring
environments. See table to the right.

Piper diagram was created using
USGS software (GW_Chart.exe)

Data for the Horse Trough Spring are circled. Points
represent, right to left, sampling in July and March.

Supply House Spring, a small adit carved into a 
Tuscan outcrop provides water to the caretakers home 
at the BCCER  

Paul testing Eh at the Horse Trough Spring

Bill collecting water at the Weeping Wall Spring

Blue Clay Spring

Blackberry Spring

Sampling and interpretation
Why study springs in the BCCER? Springs are unique, beautiful, and a function of topography,
geology, and hydrology. BCCER is nestled in a canyon with varied geology, perennial and ephemeral 
springs, and geomorphologic activity that shapes the topography. 
Equilibrium modeling was used to constrain water chemistry evolution as a function of water-rock in-
teractions occurring along subsurface flow paths and indicates aqueous speciation appropriate to the 
mineralogy of the different formations.

Spring chemistry:  Water chemistry data have been collected for numerous springs emerging from all 
three formations in the BCCER and compared to reported data for creek and aquifer water chemistry. 
Field values for electrical conductivity, pH, and oxidation-reduction potential as well as lab analysis 
of major ions indicate a difference in water origins. This difference can be attributed to water-rock in-
teractions occurring along subsurface flow paths.

 
Creek chemistry:  Reported chemistry of Big Chico Creek varies seasonally reflecting relative
proportions of spring discharge and meteoric inputs. Reported values for creek waters exhibit a pH 
range of 7.5–8 with little variation due to seasonal changes. The reported EC for the creek varies both 
spatially and temporally where increased salinity can be attributed to discharge from the Chico
Formation. 

Groundwater chemistry:  Reported data was collected over the period Sept 1987 through Aug 2000 
from 28 wells throughout Chico area. The data were compiled and the high frequency values were 
chosen for the bulk chemistry investigation using a Piper diagram. The alkalinity data (reported as 
mg/L CaCO3) were used to determine the bicarbonate concentration, ignoring potential influence of 
other dissolved organic species that might contribute to the alkalinity of the system (conservative at 
the reported pH levels). The charge balance was tested using the HCO3 concentration using EQ3 and 
no reportable imbalance.

The geologic map and formation descriptions are 
part of the complete works by Harwood et al. 1981.

Photos from upper left, clockwise are:
    a��Tuscan outcrop 
����a��Rock Shelter Spring
    a��Chico Formation outcrop* 
    a��Riparian Spring
    a��Basalt Spring
*(photo: www.csuchico.edu/atec/projects/tigers/site/formations/chico.html)

Riparian Spring

Weeping Wall
Spring

Horse Trough
Spring

Rock shelter Spring
Supply House Spring

Basalt Spring

25 springs have been field tested for pH, Eh, EC, and temperature 
 a 18 in Chico Formation 
 a 4 in Lovejoy 
 a 3 in Tuscan

In addition, samples were collected for analysis from the six perennial 
springs shown in the topographic map above. Springs were selected 
for their geology, elevation, and proximity to a recent fire. Water was 
drawn from the pools near the inflow and tested for major ions. The 
Chico Formation and Tuscan springs were sampled Mar and July 
2005. The Basalt Spring was sampled in Sept 2005.

Samples were collected with a ~300ml container rinsed with spring 
water. During collection, every attempt was made to limit
disturbance to the ponded waters (Weeping Wall and Rock Shelter 
Springs provided a source of running water that was captured). For 
dissolved metal analysis, the collected water was pumped through a 
0.45 micron filter into 250ml plastic bottles that contained nitric acid 
as a preservative. The remaining analyte samples were collected in a 
1 liter bottle without filtering or preservatives.

Ground surface intersects water table     3

Permeable layer intersects hillslope

Interconnected fractures channel groundwater

Ground surface intersects natural fracture, taps 
confined aquifer

Perched water table intersects hillslope

Faulting places impermeable rock against
permeable rock, groundwater surfaces along the 
barrier

Downward-percolating water hits impermeable 
layer and migrates to and exits at hillslope 3
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Conceptual Spring Environments        BCCER
    (Stephen Marshak, 2005)


