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Abstract 

 

Spatial, temporal, and magnitude-frequency relationships for earthquakes occurring between 1976 and 1984 near Heron and El 

Vado reservoirs in northern New Mexico are examined for evidence of reservoir-induced seismicity (RIS). Most of the 264 

located shocks, including those with the highest magnitude (mb = 3.8), occurred in 1982 when Heron reservoir reached its 

maximum capacity of approximately 0.5 km
3
 and an impoundment depth of 66 m. More recent data obtained with EarthScope's 

transportable array suggests seismicity is continuing below the reservoirs. Between 1976 and 1984 earthquake swarms followed, 

or were enhanced by, reservoir filling where filling resulted in new maximum water volumes for the Heron reservoir. Shocks 

generally cluster between the reservoirs in a region of north-south block faulting. A cumulative earthquake frequency versus 

magnitude plot for Heron-El Vado produced a “b-value” of 0.92 +/− 0.03 (1 SD) which is slightly higher than other b-values for 

northern New Mexico, and is consistent with b-values for reservoir-induced shocks in other areas. The spatial and temporal 

distribution of these events, along with their b-value, suggests most of them have been triggered by reservoir loading and 

elevated pore pressure. Practical implications are that RIS can occur in reservoirs with impounded water depths of less than 100 

m – thus these formations may be acutely sensitive to waste fluid injection in the San Juan Basin. Also, hydraulic diffusivity is 

quite high, suggesting seismicity may onset almost immediately after an injection event. 
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Original Motivation 

• During the 1970s-1980s Los Alamos National 

Laboratory (LANL) began looking at regional 

seismic hazards: installed regional seismic 

array with assistance of USGS (Albuquerque 

Seismic Laboratory) 

 

• An earthquake swarm in 1982 was unusual and 

stood-out from background seismicity 



Northern New Mexico seismicity: Sept. 1973- Dec. 1982 

(after Cash et al., 1983 and Wong et al., 1984) 
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New concerns: 

expansion of 

hydraulic fracturing, 

conventional and 

unconventional 



Concern about 

possible 

induced 

earthquakes 

due to 

wastewater 

injection 
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Outline 

• Summarize a previous study of possible 
reservoir-induced seismicity (RIS) in the 
Heron – El Vado area 

 

• New data and tools allow much improved 
analysis for future studies  

 

 
 





El Vado and Heron Reservoirs, U.S. Bureau of 

Reclamation (Albuquerque Office) 

• San Juan  - Chama Basin Project 

• Irrigation, flood and sediment control, recreation 

• El Vado Dam: Earthfill, orig. 53 m high, 196 m 

long, completed 1935, refurbished 1950s; capacity 

227,518,195 m3 (184,452 ac-ft) 

• Heron Dam: Earthfill, 82 m high, 370 m long, 

completed 1971; capacity 494,626,224 m3 

(401,000 ac-ft) 



Google (2015) 

USBR (2015) 



El Vado dam 

and reservoir 

Heron 

reservoir 



Geological Setting 

• Archuleta arch (or anticline) – northern 

extension of the Nacimiento uplift that 

separates the San Juan and Chama 

basins: edge of the Colorado Plateau 

 

• Rocks underlying reservoirs: Dakota 

Sandstone, Morrison Fm. 



Earthquake history of the  

San Juan basin 

• Approximately 30 diffusely distributed small 
earthquakes between 1900 and 1980 

 

• Dulce earthquake (Jan. 23, 1966): mag 5.5 
(Herrmann et al., 1980) 

 

• Gasbuggy nuclear explosion (nuclear fracking) 
near Dulce (1967): mag 4-5 (Cash, 1971) 

 

• Crownpoint (1976, 1977): mags 4.6, 4.2 
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Gasbuggy 

explosion 

stratigraphy 

(San Juan 

basin) 



1976-1984 earthquake swarms 

beneath and near Heron – El Vado 

• 264 shocks recorded by regional array 

(LANL/ASL seismic network) 

• Largest magnitude ML= 2.8 (duration 

magnitude)  

• No damage 

• Shocks cluster between and around Heron 

and El-Vado reservoirs 

 



Hypocenter locations 

• Located with HYPOINVERSE (Lahr, 1978) 

• Half-space velcity model (6.15 km/s) with station 
corrections, Poisson’s ratio = 0.25 

• Closest recording station 35 km away 

• Epicenter uncertainty 1-3 km inside array and 5 
km outside array 

• Focal depths usually held constant at 5 km – a few 
were determined for impulsive P-wave arrivals 
inside the array averaged 7.5 km 

 



Fault-plane solutions not performed due to lack 

of reliable sensor calibration, lack of stations and 

poor azimuthal distribution of stations 

LANL/ASL seismic array 

 

Analog hotwire helicorders  

 

Seismometers – usually 1 Hz natural 
frequency: Geotech S-500, Kinemetrics 
SS-1 and S-13, Mark Products L4-C and 
L4-3D 
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Criteria for reservoir-induced 

seismicity (RIS) at Heron-El Vado 

• Relationship between reservoir filling 
and seismic activity 

 

• Earthquakes beneath or in close 
proximity to reservoirs 

 

• Rapid decrease in earthquake frequency 
with magnitude (high “b-value”) 
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Type of response: rapid vs. delayed 

 

May, 1982 -- Most likely rapid-response (Simpson et al., 
1988), due to increased vertical stress (and increased shear 
stress) at depth as well as a reduction in effective stress 
due to increased pore pressure from reduced pore volume 

 

April, 1976 and Nov., 1979 – delay in 3 months since filling 
still suggests a rapid (but complex) response, or natural 
seismicity unrelated to reservoir filling: delayed response 
(due to diffusion of pore pressures) would take hundreds of 
days to several years 



Example of 

“rapid 

response” 

(after 

Simpson et 

al., 1988) 



“b-value” for Heron-El Vado earthquakes, 1976-84 (+/- 1.s.d.) 
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Comparison of b-values 

• Mt. Taylor volcanic field: 0.73 +/- 0.03 

• Velarde graben (near Taos): 0.82 +/- 0.02 

• Nacimiento uplift: 0.82 +/- 0.02  

• Heron/El Vado: 0.92 +/- 0.03 

 

• Kariba (RIS): 1.02 (Gupta, 1992) 

• Koyna (RIS): 1.09 (Gupta, 1992) 

 

 



Future research possibilities 

• EarthScope 

transportable array 

(TA) broadband data 



Current continental U.S. TA stations 
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TA data example earthquake from 

the Raton basin (TA:T25A) 



Other data improvements: 

• Improved velocity models for northern New 

Mexico from seismic experiments – may be 

used to better constrain hypocenters in original 

Heron – El Vado data set 

 

• Calibrated TA seismometers allow correct 

first-motions for fault-plane solutions 



Implications for the San Juan basin 

• Current level of seismicity is low 

 

• Induced seismicity is probable if 

hydraulic fracturing and wastewater 

injection operations move eastward 

toward the flank of the Archuleta arch 
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