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Abstract: Economic theorists are studying how behavioral rules form spontaneously, how 
particular conventions and institutions evolve through the cumulative impact of the independent 
actions of self-interested but limitedly rational individuals.  So far, however, there has been little 
empirical study of this phenomenon.  I use evolutionary game theory to study cooperative 
behavior in the mining camps of the American West.  Miners demanded secure property rights and 
protection from violence to exploit the region’s mineral wealth and organized mining camp 
governments for this purpose.  In the model, players must divide their labor between mining and 
supporting institutions that promote the rule of law.  The main prediction of the model is that law 
and order emerges only when sufficiently many self-interested but limitedly rational individuals 
choose to uphold the law.  The model also predicts that ideology or cultural beliefs, factors 
affecting the opportunity cost of upholding the rule of law, and the ability of miners to sanction 
one another affect the likelihood that the rule of law appears.  I test these predictions against 
detailed historical evidence from the letters, diaries, and reminiscences of miners in California, 
Colorado, and Montana and conclude that the evidence is largely consistent with the model’s 
predictions.  
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 “It is a wicked place & so is every gold country, yet we have many good people here.” –

Montana miner, 1865.1 

 

1. Introduction 

 

Economic historians have long dominated the study of institutions, but theorists are now making 

institutions an object of inquiry too.2  In particular, theorists are studying how behavioral rules arise 

“spontaneously,” how specific conventions and institutions evolve through the independent actions of 

self-interested but limitedly rational individuals.3  To understand better the evolution of institutions and 

conventions, theorists have turned to evolutionary game theory, which assumes that individuals are 

boundedly rational and learn.4  An important result of this literature is that evolutionarily stable 

behavioral rules need not be pareto optimal (Sugden, 1986).  Nonetheless, spontaneous rules often 

enhance welfare by enabling self-interested actors to coordinate actions, cooperate, and engage in market 

exchange.    

Despite this growing body of theory, there have been fewer empirical studies of just how 

behavior rules emerge “spontaneously.”  This paper is a step towards rectifying that imbalance.  I study 

the evolution of the rule of law in the mining camps of the nineteenth century United States.  After the 

                                                 
1 Letter to Alvina Hedges from Cornelius Hedges, Helena MT.  September 17, 1865.  Cornelius Hedges Papers.  
MHS Collections MC 33, Box 1, Folder 26. 
2 Institutions, according to Douglass North, are “the humanly devised constraints that structure political, economic, 
and social interactions.  They consist of both informal constraints (sanctions, taboos, customs, traditions, and codes 
of conduct), and formal rules (constitutions, laws, [and] property rights).” North (1991), p. 97. 
3  See Ellison (1993); Kandori, Mailath, and Rob (1993); Sethi and Somanathan (1996); Sugden (1989) and (1986); 
and Young (1993) and (1998).  For example, Young (1998) shows how housing markets can produce racially 
segregated neighborhoods despite strong preferences for diversity among homeowners.  Also, Sugden (1986) 
models right-side driving on the European continent and left-side driving in the United Kingdom as different 
outcomes of a single, micro-level evolutionary process.   
4 Evolutionary game theory is one of two approaches to the study of institutions as equilibria of games.  The other 
assumes full rationality and uses subgame perfection as a solution concept while also incorporating beliefs and 
expectations into the analysis.  According to Greif (1994) an institution comprises “cultural beliefs (how individuals 
expect others to act in various contingencies) and organizations (the endogenous human constructs that alter the 
rules of the game and, whenever applicable, have to be an equilibrium.” Greif (1994), p. 943.  
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discovery of gold in California in 1848, miners settled remote regions of the western United States far 

beyond the reach of established centers of authority.  Miners were without customary laws and 

institutions, but their need for social and economic controls was great.  In rapidly growing mining camps 

like Virginia City, Montana, it was often the case that “[n]o man was authorized to administer an oath, 

acknowledge a deed, certify a contract, or determine any controversey [sic].”5  Moreover, mining itself 

raised legal conundrums that existing law was ill-equipped to handle.  The result was that miners 

everywhere organized governments of their own to uphold agreed upon laws.   

A comparison of the mining camps shows, however, that some were much more successful than 

others at securing property rights and preserving order.  Many mining camps in California, British 

Columbia, and Colorado were, for the most part, lawful and orderly, while others in California, Montana, 

and Idaho experienced periods of anarchy and violence.6  This was the case despite the fact that the 

mining camps had very similar populations and institutions.     

Using evolutionary game theory this paper explains why the rule of law prevailed in some camps 

but not others, in spite of the camps’ similar beginnings.  By the rule of law or, alternatively, law and 

order, I mean an environment in which individuals enforce agreed-upon rights, individuals expect those 

rights to be enforced in the future, and there exist predictable rules that, in principle, allow for the 

resolution of disputes without recourse to a third party.  The rule of law was a behavioral rule, because (i) 

the rule of law occurred only when sufficiently many individuals decided to obey and uphold the law; and 

(ii) when most others behaved one way, it was optimal for other individuals to do the same.  The rule of 

law was uncertain, however, because the power to uphold the law was dispersed among many individuals 

for whom exercising this power was costly, and miners who did not contribute to the public good could 

nonetheless enjoy its benefits.  As a Montana miner explained, “[e]very man had left his home to better 

his condition.  Bannack was not supposed to be a settlement, but simply a mining camp where every one 

                                                 
5 W.F. Sanders Papers.  MHS MC 53, Box 5-3. 
6 According to Malone & Roeder (1984), “Sometimes, as in the rush to British Columbia, well-organized 
government kept lawlessness to a minimum, but more often, as in California [after 1850], Colorado, and Montana, 
crime became rampant.” Malone & Roeder (1984), p. 61. 
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was trying to get what he could.  Consequently the majority were simply trying to attend to their own 

business and to let that of others alone.”7  Thus, I model the rule of law as a collective action problem, in 

which players must divide their labor between mining and supporting institutions that promote law and 

order.    

The evolutionary model shows that under certain conditions the cooperative outcome in which 

individuals make socially efficient contributions to the public good is but one of two stable behavioral 

rules.  By stable, I mean that the rule of law is a self-enforcing equilibrium resistant to defection by small 

numbers of miners.  But the rule of law, although a stable equilibrium, is not, by any means, guaranteed.  

Whether it emerges depends upon the ideology or cultural beliefs of miners, factors affecting the 

opportunity cost of upholding the rule of law, and the ability of miners to sanction one another.  

Regardless of the outcome, the actions of limitedly rational individuals matter, because an equilibrium 

emerges only when sufficiently many players pursue the same strategy.  The model also shows that there 

are circumstances under which law and order is unstable.  Thus, the desire of miners notwithstanding, the 

rule of law was sometimes unattainable.   

The evolutionary model succeeds in explaining the central empirical finding of this paper.  But 

the model also generates a number of predictions about the equilibrium properties of cooperation in the 

mining camps that can be tested directly against historical evidence from the diaries, letters, and 

reminiscences of miners.  The model predicts first that the rule of law is more likely to occur when miners 

have a common ideology or set of cultural beliefs.  Second, the rule of law is more likely in small mining 

camps than in large ones.  And third, the likelihood of the rule of law is inversely related to the economic 

value of claims.  The evidence largely affirms the predictions, providing support for the evolutionary 

approach to institutions.      

The rest of the paper is organized as follows.  In the next section, I examine mining camp 

government in some detail, focusing on Montana between 1862 and 1865 to illustrate the obstacles to the 

rule of law, the institutions miners employed, and the potential for mining camps to experience widely 
                                                 
7 James Fergus, “A Leaf from the Diary of James Fergus...” In Contributions, II (1896), p. 254.   
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divergent outcomes.  Several studies, Umbeck (1977), Libecap (1978 & 1989) and Zerbe and Anderson 

(2001), have studied the formation of rules in the mining camps from an institutional perspective, but this 

paper focuses on rule-enforcement.  The following two sections describe the evolutionary model in which 

the rule of law is endogenous to mining activity and the data on mining camp characteristics.  In the next 

section, I test the predictions of the model, using historical evidence from the letters, reminiscences, and 

diaries of miners.  I conclude by arguing that more of economic history may have been subject to 

evolutionary forces at the micro-level than previously realized.  Conventions in markets, property rights 

laws, and the adoptions of technologies in history are obvious candidates.   

 

2.  The Mining Frontier Of The Western United States 

 

“This territory is very strongly democratic & a man can say & do as he pleases.”—
Montana miner, 1864.8 

 

 

The mining frontier offers researchers an unusual opportunity to study the spontaneous formation of 

institutions.  Historians have long viewed the mining camps as Hobbesian enclaves in which self-

interested individuals, unencumbered by customs, laws, and institutions, find themselves locked in 

conflict over scarce resources.  For instance, regarding the thousands of miners who inhabited the 

California gold frontier, Umbeck (1977) asks:  

 

If a group of individuals is placed in a world with scarce resources, with 
no government to assign ownership rights and no laws to restrict 
individual behavior, what will they do?  Will they get together and agree 
on a set of rights to be rationed out among the group or will they choose 
to forego any agreements and instead resort to the use of personal 
violence to maintain exclusivity over resources they claim for 
themselves?9 

 

                                                 
8 Letter to Dennis Hedges from Cornelius Hedges, Highland District, December 4, 1864.  Cornelius Hedges Papers, 
MHS MC 33, Box 1. 
9 Umbeck (1977), p. 198. 
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While the basis for property rights formation in California involved more than the implicit threat of 

violence, Umbeck’s question is still a useful abstraction.  The absence of existing institutions and 

conventions meant that new ones had to be formed.  Moreover, the absence of an existing authority meant 

that the actions of individuals would matter in the formation of institutions, since for new institutions to 

take hold, sufficiently many individuals would have to follow them.  The mining camps are therefore an 

ideal setting for the study of spontaneous order. 

In the discussion that follows, I focus on events in Montana, bringing in details about California, 

Colorado, and other regions to highlight key differences between Montana and other regions.  The history 

of California’s gold rush, for example, has been told many times and will not be repeated here.  (See Paul 

(1947), Shinn (1948), Paul (1963), Holliday (1981), and Rohrbough (1997).)  Montana’s early history, on 

the other hand, is less well known and bears some discussion.  Moreover, many of Montana’s camps 

serve as useful foils to California’s before 1850, for Montana came as close as any frontier region to 

living up to the stereotype of the gun slinging West.  Nonetheless, initial conditions in Montana closely 

resembled those in California and elsewhere.  In fact, there was a remarkable degree of uniformity in 

initial conditions across the mining frontier.   

Just as the famous strike at Sutter’s Creek in 1848 heralded a new era for California, so did the 

discovery of gold at Bannack in 1862 for Montana.  Remote wilderness inhabited only by native 

Americans and itinerant traders became another mecca for America’s fortune seekers.  Miners streamed 

over Montana’s mountains and into its valleys to prospect, stake claims, and pan for gold, all with the 

idea of getting rich.  At Bannack in 1863, one miner noted in his diary that “Street now alive with men, so 

great has been the influx of people.”10  There are no firm statistics, but most historians put Montana’s 

early population of miners at between 15,000 and 20,000.11  Most were American-born, and many had 

mined elsewhere in the United States—in California, Nevada, and Colorado, in particular.  Others came 

                                                 
10 James Morley Diary.  May, 18, 1863.  MHS Collection James Morley Papers SC 533. 
11 Malone and Roeder (1984, p. 52) estimate that Montana’s population was 28,000 in 1866.  A letter to Sidney 
Edgerton, the Territorial governor of Montana, from James Tufts reporting Montana’s population and eligible voters 
counted 15,812 inhabitants.  Sidney Edgerton Papers.  MHS Collections RS 250 Folder 7. 
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from states bordering the frontier in the East.  Subsequent discoveries at Alder Gulch (1863), Last Chance 

Gulch (1864), Confederate Gulch (1864), and Emigrant Gulch (1864) made Montana, like California and 

Colorado before it, a highly productive mining region.12   

 

Mining Camp Institutions 

 

With large numbers of miners settling the mountainous interior of Montana the need for social 

and economic controls was great.  Miners demanded secure property rights and protection from violence 

to exploit the region’s mineral wealth.  Yet existing laws and institutions were inadequate for this 

purpose.  Between 1862 and 1865, Montana was part of the territories of Washington, Idaho, and 

Montana, but each territorial government was poorly financed and therefore unable to exercise authority 

over the region.13  Compounding this void was another: miners throughout the West had and were making 

claims on lands owned by the federal government without the legal right to do so.14  This thrust yet 

another responsibility upon Montana miners: establishing and enforcing a system of property rights.  

Hence, the burden of government fell squarely upon Montana’s inhabitants, but many, like California’s a 

half a generation before them, took up the responsibility of government eagerly: “I more than half wish... 

that Uncle Samuel would let us severely alone, for it is a fact that miners can make their own laws so as to 

get along smoothly with each other...”15     

Mindful of the need for property rights and other kinds of controls, miners established rules and 

governments of their own (Shinn (1948), Umbeck (1977), Umbeck (1978), Zerbe and Anderson (2001)).  

Upon making a discovery, miners staked claims to the area and established a formal district with 

                                                 
12 Malone and Roeder (1984), p. 52.  Alder Gulch produced an estimated 30-40 million dollars of gold between 
1863 and 1867, and Last Chance Gulch yielded another 19 million dollars between 1864 and 1867.  These yields 
compare favorably to California’s before 1850. 
13 Malone and Roeder (1984), p. 74. 
14  See Umbeck (1977) and Libecap (1989).  Not until July 1866 did Congress pass a law enabling miners to claim 
legally the lands they mined.  See Umbeck (1977) for a discussion of this development.  Mining also created a host 
of legal questions about property and water rights for which existing U.S. law had no answer. 
15 Entry of July 16th, 1864.  Diary of James Morley in Montana, 1862-1865.  James Morley Papers. MHS 
Collections SC533  
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boundaries along with rules governing the ownership and operation of claims.16  The rules provided 

special privileges for the discoverers, delineated claim sizes and types, limited the number of claims of 

each type that could be held by an individual, specified the maximum time that claims could be left idle, 

and regulated the use of water.17  The rules were drafted by a committee of miners and usually approved 

by the majority vote of the whole population of claim holders.  In many districts, miners amended the 

rules as defects appeared or new exigencies arose (Libecap, 1978).  While most rules governed activity 

directly related to mining, others regulated social behavior–the so-called “civil laws.”  Offenses such as 

assault and theft, for example, became criminal and punishable.   

The formation of clearly specified property rights and other rules is consistent with rational 

choice theory, which predicts that in the absence of high transactions costs individuals will contract for 

property rights as the benefits of establishing those rights increase (Demsetz (1967), North and Thomas 

(1973), Umbeck (1977), and Libecap (1978)).  Without property rights and other rules over claims, rents 

would have been quickly dissipated as miners raced to mine the most productive claims.  By affirming an 

individual’s exclusive right to a scarce resource, miners reduced uncertainty and the costs of protecting 

property.  Umbeck (1977) tests predictions of a rational choice model of property rights against historical 

evidence from the California mining camps and finds the evidence to be largely consistent with the 

predictions of the model.       

The rule of law depended on more than just defining property rights, though.  It also required 

miners to respect and uphold those rights.  This latter aspect of government was crucial because in every 

mining camp there were rogues for whom “...it was quicker and easier to kill a man for his gold than to 

dig for it.”18   Indeed, a prominent historian has noted that “[e]ach new mining land received among its 

early citizens a consignment of ready-made thieves and thugs.”19  Where the law was routinely violated, a 

                                                 
16 The exception was the mining camps of California in 1848.  Since the supply of mineral land greatly exceeded the 
number of miners seeking claims, demand for formal property rights was not high.  This changed in 1849 with the 
influx of thousands of miners. Umbeck (1977), p. 211.  
17 Laws and Proceedings of the Fairweather Mining District, on Alder Creek, Idaho Ter. June 1863.   MHS SC 680. 
18 Munson, Lyman (1904) in Contributions to the Historical Society of Montana, p. 202. 
19 Paul (1963), p. 166. 
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camp risked falling into violent anarchy.  Miners would then have to divert valuable labor from mining to 

the protection of their property:  “There are many bands of organized robbers & the civil law is too slow 

and weak to protect men, so they protect themselves,” one Montana miner lamented.20   Miners were also 

less likely to undertake costly investments, knowing that the returns from those investments could be 

expropriated.  By upholding rules about acceptable behavior, miners reduced uncertainty further and 

lowered the costs of production.  

 

The Problem of Enforcement  

 

Although miners commonly invested sheriffs, judges, and other officers of the camps with law 

enforcement powers, these officials were simply incapable of upholding the rule of law alone.  Law 

enforcement was a decentralized activity.  For example, one miner recorded in his diary how he and 

others had “started to Cottonwood after a Horse Thief at dark.”  Three days later, the culprit had been 

caught and the miners had given him “...a miner’s trial.  Verdict-made him refund all the stolen property 

that he had and give him twelve hours to leave the county in.”21  Also, according to Paul (1963), “Much 

of the psychology of those who took part in the Gold Rush was revealed by their willingness in moments 

of crisis to drop their varied individual concerns in order to concentrate on a troublesome dispute over 

claims or an accusation against an alleged criminal.”22  Miners were thus responsible for many of the 

tasks traditionally performed by a judiciary and police, including monitoring, apprehending, and 

prosecuting rule-breakers.23             

An alternative to the collective enforcement of the law would have been to let each individual 

defend his own property.  Miners recognized, however, that there were benefits to upholding the law 

                                                 
20 Letter to Dennis and Alvina Hedges (Westfield, MA) from Cornelius Hedges (Helena, MT), July 28th, 1865.  
MHS Collection MC 33 Cornelius Hedges Papers, Box 1, Folder 26. 
21July 25th and 28th, 1862 entries.  The Joint Diary of James and Granville Stuart- Recording Life and Events in 
Montana Territory-1861-1866.  Granville and James Stuart Papers.  MHS Collection MF1.  
22 Paul (1963), p. 24. 
23 To the extent that contributions to governing institutions could be made compulsory, miners made them so.  For 
instance, a district recorder collected fees at the time miners filed claims to help defray the costs of miners’ courts. 
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jointly.  Violators of property rights could be detected and punished more effectively and the risks to any 

individual of sanctioning violators fell with the number of those sanctioning.  Yet another alternative 

would have been to employ larger contingents of law enforcement officers.  Miners’ mistrust of 

centralized power and fears of abuse made such an institution unappealing, however.  Moreover, fielding 

such a force would have necessitated raising claim fees or imposing another form of taxation, a burden no 

miner wanted.  Thus, when miners at Biven’s Gulch, Montana adopted the following resolution to “... put 

Allen & Co. in possession of the claims of Perry & Smith, and protect them in holding and working the 

same, with their lives and property if necessary,” they implicitly acknowledged the potential gains to 

collective action.24    

Despite this potential, strong forces militated against individuals upholding the law.  Miners had 

incentives to shirk their collective responsibilities because law and order was a public good.25  Each miner 

could enjoy the benefits of the rule of law without incurring any of its costs.  A miner said as much when 

he admitted, “I did not belong to the vigilantes, as I was out prospecting most of the time and did not 

know when I might run across any of the outlaws, and dared not take a chance.”  Indeed, miners often 

needed to be “goaded into action” because enforcing the law sometimes required them “to risk their lives 

against desperate men.”26  Scholars have long recognized that many institutions, including law 

enforcement ones, have public goods aspects to them and that the inability to solve the problem of public 

goods provision can yield sub-optimal outcomes (Hardin (1982), Binger and Hoffman (1989), Ostrom 

(1990)).  Thus, the problem for miners in the West became, as Ostrom (1990) puts it, how to create a 

“situation ... in which appropriators ...adopt coordinated strategies to obtain higher joint benefits or reduce 

their joint harm.”27 

 

                                                 
24 “Miners’ Meeting at Biven’s Gulch.” Montana Post, 26 November 1864. 
25 About collective action, Hardin (1982) writes: “The central relationship between the analysis of public goods and 
the problem of collective action, then, is that the costliness or de facto infeasibility of exclusion from consumption 
of a collectively provided good usually eliminates any direct incentive for individual consumers to pay for the 
good.”  p. 20. 
26 Paul (1963), p. 167. 
27 Ostrom (1990), p. 39. 
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The Rule of Law as a Self-Enforcing Equilibrium 

 

Just how societies elicit cooperative behavior is increasingly the preoccupation of institutional 

scholars (Greif (2003) and Aoki (2001)).  The establishment of property rights in the gold fields follows 

directly from the postulates of rational choice theory, but how do societies enforce those rights?  It is not 

enough to say that individuals obey the rules because otherwise they will be punished.  Who does the 

punishing?  If it is the officers of the mining camp, why do they bother to enforce the rules?  

Alternatively, if it is the whole population of miners responsible for enforcing the laws, then we are back 

at the starting point.  In other words, the creation of property rights and governing institutions, while 

solving one problem, produces another, more formidable one.         

Indeed, the rule of law is best understood as a self-enforcing equilibrium.  Viewing the rule of 

law as a self-enforcing equilibrium solves the analytical problem of why individuals bother to obey and 

enforce rules (Aoki (2001) and Greif (2003)).28  Put simply, individuals uphold the rule of law because it 

is in their interest to do so.  Moreover, the rule of law is supported not just by formal rules, but also by 

ideology, a rationalization of the behavior of individuals and groups that reduces decision-making costs 

(North, 1981).29   Incorporating ideology into the analysis is not only good history but necessary.  First, 

differences in formal rules and institutions alone cannot explain the range of outcomes in the camps 

regarding the rule of law.  Second, if individuals are not the hyper-rational beings of neo-classical theory 

but rather actors who use subjective but highly imperfect models of reality to make decisions, ideology 

must play a leading role in the analysis.  Indeed, as Greif (1994) shows, cultural beliefs or ideology may 

be the basis for why one set of institutions rather than another appears.  In the camps, miners used threats 
                                                 
28 Aoki (2001) defines an institution as a “self-sustaining system of shared beliefs about how the game is played.  Its 
substance is a compressed representation of the salient, invariant features of an equilibrium path, perceived by 
almost all the agents in the domain as relevant to their own strategic choices.  As such, it governs the strategic 
interactions of the agents in a self-enforcing manner and in turn is reproduced by their actual choices in a continually 
changing environment.” p. 26.  Greif (2003) defines institutions as “a system of man-made, non-technological 
factors that are exogenous to each individual whose behavior they influence.  These factors conjointly generate a 
regularity of behavior by enabling, guiding, and motivating it.” p. II-2. 
29 In addition to reducing uncertainty about the behavior of others, North (1991) emphasizes that ideology is 
“inextricably woven with moral and ethical judgments about the fairness of the world” but that individuals “alter 
their ideological perspectives when their experiences are inconsistent with their ideology.” p.49.   
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of censure, ostracism, and the selective enforcement of property rights to elicit cooperative behavior.  As I 

explain later, miners are more likely to employ these punishments and they are more likely to be effective 

when miners share a common ideology.        

In summary, the rule of law is best viewed as a self-enforcing behavioral rule that comprises 

formal laws, informal rules, and ideologies.  Miners established governments and rules to secure property 

rights and provide protection from violence.  The power to enforce the rules was vested in the community 

of miners.  Other means of enforcing property rights existed, but miners’ democratic instincts and their 

aversion to the concentration of power precluded these options.  Since the power to uphold the law was in 

the hands of individuals, the rule of law existed only to the extent that sufficiently many individuals 

exercised this power.  As a consequence, the rule of law was uncertain.  The collective enforcement of 

property rights was thus both a potential strength and Achilles heal of mining camp government.  

Enforcement of the laws could be done efficiently if each miner did his part, but the rule of law was also 

susceptible to breakdown if miners avoided their responsibilities.   

 

3. A Model Of The Evolution Of Cooperation In The Mining Camps Of The West, 1848-1865 

 

This section presents an abridged version of an evolutionary model of behavior in the mining camps of 

the American West.  (The full text including the proofs of the propositions is available from the author.)  

The goal of the model is to generate predictions about the causes of the rule of law that can be tested 

against historical evidence.  The main predictions are that ideology, factors affecting the opportunity cost 

of upholding the law, and the ability of miners to sanction defectors affect whether the rule of law 

appears.           

In this model, N miners are endowed with exactly one unit of labor that is supplied inelastically.   

Each individual must allocate his labor between mining, from which he captures all the gains, and 

institutions that promote law and order, from which he and all other miners benefit in the form of higher 

labor productivity.  Let  li ε [0,1] be the amount of labor contributed by miner i towards institutions that 
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promote the rule of law and Θ = Σi li / N be the law and order production function.  Θ is the average 

contribution of all miners to the public good.  Also, miners simultaneously choose l.   Also, assume that 

the price of mine output equals one, and let output for each individual be the continuous, twice-

differentiable function:  

 

y = f(1- li, T)Θ  (1) 

 

where T > 0 is the mineral endowment of the camp.  The mineral endowment is exogenously determined 

and reflects the economic potential of the region.  I also assume that f is such that   

 

f1 > 0, f11 < 0, f2 > 0; f22 < 0; f12  > 0 for all li ε (0,1]   A.1.1 

 

Also, 

f1(1,T) = 0  A.1.2 

f(0,T) = 0  A.1.3 

 

A.1.2 says that the marginal product of labor is zero when a miner devotes no labor to the public good.  

A.1.3 says that a miner’s output is zero when all of his labor is devoted to the public good.  For now I 

assume that mineral wealth is fixed at some positive level and therefore suppress T.    

In the full version of the paper, I show that these assumptions are enough to ensure the existence 

of an interior solution to each miner’s maximization problem and that this solution is unique.  Moreover, I 

show that in a one-shot game, the symmetric Nash equilibrium is sub-optimal.  Each miner contributes 

less labor to the public good (l D) than the amount that would maximize aggregate and individual profits 

(lC).  To simplify the analysis from here on, I restrict miners’ choice sets to the cooperative and non-

cooperative outcomes, l  ε {l D, l C}.  Also, I assume that miners have the ability to sanction one another.  
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After the choices l are made, each miner observes the choices of l of the other N-1 miners, miners who 

cooperate punish those who defect at a cost to themselves of ρ> 0 per defector, and those who are 

punished incur a cost of θ > 0 per individual who punishes them.30   

If s is the share of the mining population that is defecting, the payoffs to cooperating and 

defecting are the following: 

 

πC( l , Θ− i) = f(1- l C) (Θ−i +  l C) / Ν - ρsN      (E.4) 

πD( l , Θ− i) = f(1- l D) (Θ−i +  l D) / Ν - θ(1−s)N  (E.5) 

 

The profits of defectors are strictly increasing in the number of defectors if and only if  

 
θ > ( l C− l D) f(1- l D) / N    (Α.2) 

 

I assume that this condition holds.  As I show in the appendix, when cooperators can punish defectors, the 

unique sub-game perfect equilibrium strategy for each miner is (lD, not punish).  

Following Sethi and Somanathan (1996), I now allow for repeated and continuous play of the 

restricted strategy space game with punishments.  I adopt an evolutionary framework that relaxes the 

assumption of perfect rationality, incorporates learning (although I do not model learning explicitly), and 

applies asymptotic stability as a solution concept.   

In this evolutionary game, miners begin the game by playing pre-determined strategies, their 

actions generate payoffs, and then miners modify their strategies on the basis of how successful past 

strategies have been.  Let st ε [0,1] be the share of miners who choose l D at time t.  Average profits in the 

population at time t are: 

 

                                                 
30 Similar assumptions about the restricted strategy space and punishments are made by Sethi & Somanathan (1996).       

 14 



πt = st [f(1- l D) Θ  - θ(1−st)N] + (1-st) [f(1- l C) Θ − ρsN ] ( E.6)  

where Θ = st l D + (1-st) l C 

 

The share of the population choosing to defect evolves according to the following differential equation:  

 

ds/dt = st(πt D − π )   (E.7) 

 

where π equals average profits in the whole population.  This is a replicator dynamic, whose fundamental 

property is that individuals who play strategies with returns above the average see their numbers grow, 

while those whose strategies produce returns below the average see their numbers diminish.31   

Following convention I call the state at time t of this dynamical model st.  The system is in 

equilibrium or steady state when ds/dt = 0.  The steady states of this model are s = 0 (when all miners 

cooperate and the rule of law is achieved), s = 1 (when all miners defect), and, under certain conditions, 

s=sI ε (0,1) (when some miners defect and others cooperate.)  The third steady state occurs if and only if 

there exists s such that 

 

f(1- l D) Θ  - θ(1−s)N = f(1- l C) Θ − ρsN (E.8) 

 
                                                 
31 This dynamical equation was proposed by Taylor and Jonker (1978).  See Weibull (1996), p. 72-3.  Gale et al. 
(1995) and Bjornerstedt and Weibull (1994) show how the replicator dynamic can be derived from a model of 
learning.   

Although the replicator dynamic does not describe the process by which limitedly rational individuals make 
decisions, it probably captures reasonably well how behavior in the mining camps evolved.  According to one 
Virginia City miner, “[t]here had been so many miscarriages of justice... in the mining camps that the citizens were 
greatly discouraged... Individuals shrunk [sic] from the responsibilities involved...” (Wilbur F. Sanders Papers.  
MHS MC 53, Box 5, Folder 2, p. 4)   Also, an observer in Idaho wrote that “[p]eople have ceased to feel that life is 
protected by law; they have ceased to feel that punishment follows crime; and hence good men, who would gladly 
let the law take its course if it could be enforced, feel that they must either protect themselves without the forms of 
law, or they will be a prey to a legal lawlessness worse than mob rule itself.”(Montana Post, 23 September 1865, 
p.1)   

A more explicit evolutionary model of decision making would be adaptive play (Young, 1998, p. 30), in 
which miners observe a partial history of the past actions of all or a subset of miners, form expectations about future 
play on the basis of these observations, and choose actions to maximize utility given their expectations. 
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If πD is a linear, strictly increasing function of s, then there can only be one such interior point, if one 

exists at all, because πC is linear, strictly decreasing function of s by construction.  A necessary and 

sufficient condition for the existence of an interior equilibrium is  

 

 Νθ >   l C [f(1- l D) - f(1- l C)]     (I.1) 32 

 

where l C = ΘC is the amount of the public good supplied when all miners cooperate.   

Asymptotic stability requires that a steady state of the model be robust to deviations from 

equilibrium play by small numbers of players.  A steady state s* is an asymptotically stable equilibrium if 

there exists ε > 0 such that for all s ε (s*-ε, s* + ε), st  s as t  infinity. 

 

Proposition 4: Suppose A1-A2 hold.  Then (i) the steady state when all players cooperate (s=0) is 

asymptotically stable if and only if inequality I.1 holds;  (ii) the steady state when all players defect (s=1) 

is asymptotically stable for all parameter values;  (iii) the steady state s=sI is not asymptotically stable for 

any parameter values; and (iv) if I.1 holds, the initial distribution of cooperators and defectors determines 

whether the system converges to the cooperative or non-cooperative equilibrium.   

 

Proof: Available from the author. 

 

Inequality I.1 expresses an intuitive relationship that is the key to understanding Proposition 4.  

The left hand side of I.1 is the total punishment inflicted on a defector when others are cooperating.  The 

right hand side is the additional income a miner earns by defecting.  According to I.1, the rule of law is a 

stable equilibrium if and only if the total punishment inflicted on defectors exceeds the gains from 
                                                 
32 This inequality follows from equation (E.8). Solve for s and find the conditions under which s is contained in the 
open interval (0,1).  s = [Nθ − Ν l C (f(1- l D) - f(1- l C))] / [θ + ρ + (f(1- l D) - f(1- l C)) ( l D− l C)].  The 
denominator is strictly positive by A.2 and strictly greater than the numerator.  If the numerator is positive, then s 
ε (0,1).   
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defecting when all other miners are cooperating.  Whether inequality I.1 is satisfied depends on the 

punishments imposed on defectors, θ, and the opportunity cost of upholding the law, lC[f(1- l D) - f(1- l C)].  

Thus, factors that affect the punishment technology or the gains to cheating (gross of punishments) can 

affect the likelihood that the rule of law appears.   

Once again allow output to be a function of labor devoted to mining (1- l) and exogenous mineral 

wealth (T): 

 

f(1- l, T) 

where, as before, f2 > 0, f22<0, f12 > 0.    

 

Proposition 5: If f2(1-l C, T ) > f12(1- l C, T ) l C and f2(1-l D, T ) < Nf12(1- l D, T ) l D then increasing 

mineral wealth reduces the likelihood that the rule of law is a stable equilibrium, all else the same. 

Proof: Available from the author.  

 

Proposition 6: Let θ be a decreasing function of N.  If dθ/dN < - θ/Ν, then growth in the mining camp 

population reduces the likelihood that the rule of law is a stable equilibrium, all else the same.   

Proof: Available from the author. 

 

 

 4. The Data 

 

I constructed a dataset on the characteristics of mining camps in California, Colorado, and Montana from 

published academic and popular histories of the camps and primary source material from the Montana 

Historical Society.33  The data set includes only those mining camps that had a life of at least a year and 

                                                 
33 I have relied on only those histories that provided a careful description of their sources.  Most of these texts were 
published by major university presses and appear to have been meticulously researched.   
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restricts attention to the years when atomistic, placer and small-scale quartz mining predominated.  The 

first restriction is important, because mining camp institutions were endogenous to expectations about the 

economic value of claims (Libecap, 1978).  The decision to cooperate in upholding the law may have 

depended on expectations of future wealth as well.  Also, a mining camp was a single mining district or 

several mining districts located in close proximity to one another, often along the same gulch, stream, or 

river, a definition meant to make the unit of analysis consistent with the fact that neighboring mining 

districts often formed a single community.  In addition to the locations of the camps, Table 1 (below) 

indicates the camps’ peak years of existence, estimates of their populations, and whether there were large 

numbers of foreign miners.  

Table 1 also indicates which mining camps in California, Colorado, and Montana between 1848 

and 1864 enjoyed the rule of law and which did not.  Twelve mining camps, or 48 percent of the total, 

upheld the rule of law.  A camp is said to have experienced the rule of law if there existed substantial 

evidence of miners working through the camp’s collective institutions to enforce the laws.34  For example, 

Central City, Colorado was lawful, for though its mining districts “...undoubtedly had more than their 

share of the lawless element, they also had a considerable body of orderly citizens who worked militantly 

through numerous institutions to make their towns as ‘quiet as a New England village.’ ... On the whole 

social control seems to have been as effective as could be expected in these virile, growing 

communities...”35 Similarly, the Fraser-Cariboo mining camps of British Columbia, which were populated 

by American miners between 1858 and 1860, enjoyed lawful existences (Genini, 1972).  Lawlessness 

“never reached such proportions as to necessitate the creation of a vigilance committee.”36      

Other mining camps, despite having similar institutions and populations to those in British 

Columbia and Colorado, succumbed to lawlessness.  By 1863, crime in Montana’s Alder Gulch and 

                                                 
34This definition does not imply that lawful and orderly camps experienced no crime and violence; rather, it simply 
describes how miners responded to crime.  Nonetheless, because the incidence of crime was endogenous to law 
enforcement activity, lawful and orderly camps always had less crime than lawless camps. 
35 Perrigo (1941), p. 61. 
36 Genini (1972), p. 476.  A vigilance committee was an extra-legal organization of miners, dedicated to the 
eradication of law breaking individuals.   
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Bannack camps, for example, had become “rampant with no laws or courts for its restraint.”37  Murder, 

assault, robbery, and theft were commonplace, and crimes regularly went unpunished.  In his diary, one 

miner impassively observed that there was “[a]nother shooting scrape up town last night in which Cohart 

was killed and one man had his ankle badly shattered and another lost his leg...”38  In these camps, 

institutions to uphold the law crumbled.  One inhabitant proclaimed, “Life is full of danger here.  We 

have lots of men who are ready to murder for a few dollars... Civil law is but little guarded.  Men protect 

themselves & hanging and shooting is the general remedy.”39  According to the historians Malone and 

Roeder (1984), “One brutal killing followed another, but the Bannack-Virginia City populace was slow to 

react...  Even open and revolting murder went unpunished.”40   

The distinction between lawful camps in which miners upheld the law and unlawful camps in 

which miners did not is not arbitrary.  Historians have identified certain mining camps as being 

particularly violent and anarchical.  For example, one scholar has singled out Leadville, Laramie, Cripple 

Creek, Virginia City (Montana), Bannack, and Deadwood as lawless mining camps.41  Another study of 

the Rocky Mountain mining camps found Deadwood, Bannack, Virginia City, and Leadville to be lawless 

communities but Caribou and Lake City to be exemplars of order.42  These characterizations are, of 

course, simplifications of historical reality, but they suggest there existed real divides between mining 

camps that enjoyed law and order and those that did not. 

 

5. Evidence On The Evolution Of Cooperation  

 

The evolutionary model explains the main empirical finding of this paper: some mining camps enjoyed 

the rule of law while others did not.  In this section, I take the analysis a step further by testing two (three, 

                                                 
37 Munson (1904) in Contributions to the Historical Society of Montana, p. 200. 
38 Diary of James Morley, April 18th, 1863.  MHS SC 533 James Morley Papers.  
39 Letter to Dennis and Alvina Hedges from Cornelius Hedges, Helena MT.  September 13, 1865.  Cornelius Hedges 
Papers.  MHS Collections MC 33, Box 1, Folder 26. 
40 Malone and Roeder (1984), p. 62. 
41 Perrigo (1941), p. 61-62. 
42 Smith (1967), pp. 79-87. 
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in the next draft of the paper) specific predictions of the model against the historical evidence described in 

the previous section.43  The predictions are: (1) cooperative behavior is more likely to occur when 

individuals share a common ideology or culture; and (2) large communities are less likely to experience 

cooperative behavior than small ones.   I test these predictions using data from Table 1 as well as from a 

sample of published and unpublished letters, diaries, and reminiscences of miners in Montana.  I conclude 

that the evidence on the rule of law in the mining camps is largely consistent with the model’s predictions 

about the evolution of cooperation.     

 

The Role Of Ideology In Cooperative Relationships 

     

In the model, endogenously formed beliefs and individuals’ subjective models of decision-

making can be a source of increasing returns in the evolution of institutions.44  Also, random events can 

affect the equilibrium by altering the trajectory of institutional development.  In the model, random events 

that alter the initial distribution of miners defecting and cooperating affect the likelihood that the rule of 

law appears.  If individuals disposed to upholding the law predominate early on, then law and order is 

more likely to result.  If, on the other hand, individuals disposed to the contrary predominate, then the 

opposite is more likely.  Although we cannot observe the share of miners in the camps willing to uphold 

the rule of law, we can observe factors correlated with miners’ willingness to do so.   

All else the same, miners would have been more likely to behave cooperatively if they had a 

common ideology.  An ideology comprises notions of justice, fairness, government, and work and is a 

                                                 
43Although the model also predicts that the likelihood of the rule of law is negatively related to the productivity of 
labor, right now I do not have sufficiently accurate data to test this hypothesis formally.  Also, I am collecting data 
on mining camp regulations about the maximum number of claims that could be held by an individual and the 
maximum size of claims to evaluate the relationship between the distribution of wealth and the rule of law. 
44This raises the question of whether institutional change is path dependent.  North (1990) has claimed precisely this.  
He argues that institutional change is constrained by fixed costs, learning, coordination externalities, and adaptive 
expectations as well as transactions costs.North, 1990, p. 95. 
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rationalization of the world that reduces the costs of decision-making (North, 1991).45  Individuals who 

share an ideology likely agree on what kinds of rules are fair and just and follow similar norms of 

behavior.  According to Zerbe and Anderson (2001), “[s]ocial norms such as a sense of fairness can 

promote cooperation and a willingness to sanction those who do not cooperate, helping to overcome the 

free-rider problem of group action.”46  Individuals are likely to share an ideology if they have the same 

culture (Zerbe and Anderson, 2001).  Thus, we can test the proposition about the role of ideology by 

examining the initial cultural make-ups of the camps.      

The writings of miners are a rich source of information about the cultures of the camps.  In 

Montana, cultural and ideological divisions occurred between Americans, rather than between Americans 

and foreigners, as had been the case in the mines of California.  The source of these divisions was the 

American Civil War.  As the place names, Confederate Gulch, Virginia City, and Unionville, suggest, 

partisans of the North and South settled the region.  Indeed, a union supporter wrote to his father in 

Massachusetts, “we have a great many men who have been in the southern armies.”47   

Although there is some evidence that sectional rivalries were innocuous, there is more evidence 

that they strained relations.  Though one miner acknowledged that “[t]here is no difference here about the 

Politics of a person as to society.  So [long as] he is honest[,]”48 another remembered a Confederate 

sympathizer “flourishing a revolver, swearing that he would shoot any dam [sic]  s-- -- that would say that 

he was a Lincoln man or an abolitionist....”49  Another miner, a Union supporter, went so far as to ascribe 

the breakdown of the rule of law in Alder Gulch to “uncertainty [created by] the division of power 

between the Northerners and Southerners... [M]ost of the miners claimed allegiance to one side or the 

                                                 
45 According to North (1981), cooperation in human history cannot be understood without reference to ideology, 
because without ideology free-riding would have been so pervasive throughout human history that cooperative 
institutions could hardly have existed. 
46 Zerbe and Anderson (2001), p. 124. 
47 Letter to Dennis Hedges from Cornelius Hedges, Highland District, December 4, 1864. Cornelius Hedges Papers, 
MHS MC 33, Box 1.  
48Letter to Mary E. Bell from Homer J. Bargis, Curriers District, Emigrant Gulch, January 21st, 1865.  Montana 
Historical Society Collection.  Homer J. Bargis Papers, SC1811 Folder 2.   
49 Letter from A.J. Smith to John Potter, March 26, 1864.  A.J. Smith Papers.  MHS SC 877. 
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other....”50  This miner went on to say that “the outlaws and desperados claimed allegiance to the South 

and thus gained considerable encouragement from that side....”51 Indeed, many miners reported being 

suspicions of those born outside their region of birth. 

Ideological differences over slavery and Southern independence fostered mistrust and made the 

rule of law more difficult to achieve.  When individuals do not value inclusion in the community or reject 

the community’s norms, obtaining cooperation becomes difficult.  Individuals may be less willing to obey 

the rules and to punish those who do not.  And sanctions like ostracism and censure used to elicit 

cooperation become less effective.  The consequence is that the cooperative behavior is less likely to 

result.  It is interesting that Colorado, whose camps had been established before the start of the war and 

were populated by both Northerners and Southerners, did not, for the most part, experience the violent 

anarchy of Montana’s camps.  This may be some evidence for the path dependent nature of institutional 

development. 

The information in Table 1 indicates which mining camps in Montana, Colorado, and California 

between 1848 and 1864 were ideologically divided.  A camp is said to have experienced an ideological 

division if there existed evidence that the camp was inhabited by significant numbers of foreign miners or 

if the camp had been established during the Civil War.  Eight of the twenty-five camps in Table 1 

satisfied this criterion.  A χ2

                                                

 test of the hypothesis that lawful and unlawful camps were equally likely to 

be ideologically divided generates a test statistic equal to 2.493 and p value equal to .114.   

 

Community Size And The Effectiveness Of Sanctions  

 

 Sociological, historical, and anthropological studies have uncovered numerous examples of how 

communities have overcome collective action problems.52  Aoki (2001), for instance, describes how 

Japanese villagers during the Tokugawa period used the threat of ostracism to elicit cooperation in the 
 

50 Letter from Reginald Stanley to James U. Sanders, August 29th, 1903.  Reginald Sanders Papers.  MHS SC 781. 
51 Letter from Reginald Stanley to James U. Sanders, August 29th, 1903.  Reginald Sanders Papers.  MHS SC 781 
52 See Ostrom (1990) for a discussion of many of these examples. 
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maintenance of a common irrigation system.  In a practice known as mura hachibu, offending families 

were excluded from the political, economic, and social life of the village.  One prediction of these studies 

is that small communities are better able to overcome collective action problems than large ones.   

Small communities are better fit to solve problems of collective action because sanctions like 

ostracism and censure used to punish defectors are highly effective in such settings.  In small 

communities, individuals form exchange relationships that are personal, involve high degrees of trust, and 

require repeat interaction (North, 1991).  Because the preservation of these relationships is valuable, 

punishments that undermine them are costly.  Ostracism, for instance, may result in the termination of 

valuable exchange relationships (Clay (1997); Greif (1993)).  Or censure may produce in defectors 

feelings of shame or guilt for violating the community’s norms.53  Thus, threats to impose these 

punishments on defectors in small communities are often effective in eliciting cooperative behavior.  In 

addition, ostracism and censure require community members to communicate the occurrences of offenses 

and the identities of offenders.  Both are more likely to occur in small communities than in large ones.      

Another test of the evolutionary approach to institutions is whether small mining camps were 

more likely to experience the rule of law.  Table 1 reports estimates of the populations of the mining 

camps in Colorado, California, and Montana between 1848 and 1864.  These figures should be treated 

cautiously because the mining camp populations were always in flux and observers, whose estimates 

these figures are based on, were prone to errors in judgment.  Whenever possible, I obtained several 

independent estimates for each camp.  The average population of lawful camps in the sample was 4400 

while that of unlawful camps was 6041.  A one-tailed t-test of the hypothesis that the populations of 

lawful and lawless camps are equal produces a t statistic of 1.25 (N=23) and a p value of .112.  Although 

not totally conclusive, this result is consistent with the hypothesis about population size, sanctions, and 

the rule of law.  When the lower bound estimates of population size are employed, the result is 

considerably stronger (t=1.59 and p=.064).   

                                                 
53 Overt expressions of ostracism or censure may even be unnecessary if the individual has internalized the 
community’s norms. 
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Finally, the experiences of two growing frontier cities, Denver and San Francisco, shed still more 

light on the relationship between community size and the rule of law.  Neither city was a mining camp per 

se, but each was a major supply center for its region’s mines.  As such, both were always populated by 

large numbers of miners, along with a permanent class of merchants and laborers.  Denver’s permanent 

population is estimated to have been 2,000 at the start of the Colorado gold rush in 1859 and greater than 

4,500 a year later.54  San Francisco’s permanent population is estimated at 5,000 in July of 1849 and 

15,000 by the end of that year.55  The temporary residence of thousands of miners meant that both cities’ 

total populations were always significantly higher.   

Both cities lacked strong law enforcement institutions to protect property rights and their citizens 

from crime.  Indeed, San Francisco and Denver lacked effective institutions of every kind.  In San 

Francisco, for example, “the legally constituted courts and officers were believed to be too far sunk into 

corruption and weakness to be capable of protecting the citizenry from criminals.”56  The courts were 

similarly weak in Denver. Hence, the predicaments of San Francisco and Denver closely resembled those 

of the mining camps in the hills and mountains above them.  In fact, both cities were forced to rely on 

decentralized and collective institutions to enforce the law.  San Francisco, for instance, tried to 

institutionalize the collective enforcement of the law by forming a volunteer police force or committees of 

regulators.57   Eliciting cooperative behavior was difficult, however, because the population was large and 

heterogeneous and relationships were impersonal and rarely repeated.     

As predicted by the evolutionary model, San Francisco and Denver were lawless communities.  In 

the summer of 1860, “[r]uffians, gamblers, and thieves overran in [Denver], and no man’s life or property 

was safe,” according to one historian.58  Not until the citizens of Denver abandoned the decentralized and 

collective enforcement of the city’s laws for vigilance committees was order restored.59  In San Francisco, 

                                                 
54 Abbott (1976), p. 61. 
55 Ellison (1950), p. 205 and Holliday (1981), p. 301. 
56 Paul (1963), p. 24. 
57 Ellison (1950), p. 209. 
58 Hollister (1867), pp. 94-95. 
59 Hollister (1867), p. 97. 

 24 



a similar state of lawlessness took hold, as more than 1,200 murders were committed between 1850 and 

1853, according to the city’s crime statistics.60  Violent anarchy in San Francisco also did not end until the 

city’s leading citizens organized vigilance committees.  

 

VI. Conclusion 

 

Spontaneous order is an old idea, originating with Hayek (1960) and Schelling (1960).  Not until the last 

two decades, though, have economists attempted to rewrite Hayek’s and Schelling’s ideas in more 

rigorous ways.  Evolutionary game theory is ideally suited for this purpose, because it captures aspects of 

human behavior that social scientists believe are intrinsic to the evolution of conventions and institutions.        

Theorists have already pointed out that many of the institutions and conventions we observe 

today may be the product of micro-level, evolutionary processes like the ones described in this paper.  

Indeed, as the mining camps show, the actions of limitedly rational individuals can produce different 

behavioral rules under very similar circumstances.  This paper has tested two specific predictions of an 

evolutionary model of cooperation in the mining camps of the American West.  Those predictions 

concern the role of culture and community size.  Evidence taken from the diaries, letters, and 

reminiscences of miners largely affirms the evolutionary approach to institutions.   

The history of the mining West suggests the possibility that social evolutionary forces may have 

been at play in other places and times throughout history.  Historical conventions in markets, property 

rights, and the adoption of technologies all would have been subject to micro level forces of the kind 

described here.  It will take further study of history to uncover additional examples, but more research, I 

am confident, will do just that.   

                                                 
60 Holliday (1999), p. 176. 
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TABLE 1 
MINING CAMPS IN CALIFORNIA, COLORADO, AND MONTANA, 1848-1864 

 Mining Camp State Years Technology Estimated 
Population 

Foreign 
Population Rule of Law 

1 Coloma California 1848 -1851 Placer 10000 No Yes 
2 Placerville California 1848 -1853 Placer 8000 No No 
3 Auburn California 1848 -1855 Placer 1300-1500 No Yes 

4 Amador / Volcano / 
Fiddletown California 1849-1854 Placer & quartz  8000 No No 

5 Mokelumne Hill / Jackson California 1849 - Placer  Yes No 

6 Angel's Camp / San 
Andreas California 1849-1855 Placer & quartz 4500 No No 

7 Columbia California 1850 - 1857 Placer 6000-8000 No Yes 
8 Sonora California 1848-1851 Placer & quartz 14000 Yes No 
9 Mariposa California 1849- Placer & quartz  No Yes 

10 Grass Valley / Nevada City California  
1850-1856 Placer & quartz 3000-6000 No Yes 

11 Downieville / Yuba River  California 1849-1855 Placer 3000 No Yes 
12 Feather River California 1850-1852  Placer 2000-3000 No No 
13 Shasta California 1849 -1852 Placer 3000 No Yes 
14 Weaverville California 1850-1852 Placer 2000-3000 Yes No 
15 Yreka California 1851-  Placer 5000 No No 
16 Kern River California 1854-1856 Placer 2000 Yes No 
17 Central City Colorado 1859 -1863 Placer & quartz 5000-6000 No Yes 
18 Boulder / Gold Hill Colorado 1859-1861 Placer & quartz 1500 No Yes 
19 Fairplay/Alma/Tarryall  Colorado 1859- Placer 8000 No No 
20 Breckenridge Colorado 1859-1863 Placer & quartz 8000 No No 
21 Oro City / California Gulch Colorado 1860-1867 Placer 5000-10000 No Yes 
22 Alder Gulch Montana 1863-1866 Placer & quartz 7000 No No 
23 Bannack Montana 1862-1864 Placer & quartz 3000 No No 

24 Emigrant Gulch / 
Yellowstone City Montana      1863-1865 Placer 2000 No Yes

25 Last Chance Gulch Montana 1864-1867 Placer and quartz 3000 No Yes 
Sources: Nadeau (1965), Wolle (1966), Rohrbough (1997), Gudde (1975), Shinn (1948), Dorset (1970), Eberhart (1969), Smith (1967), Wolle (1949), 
Perrigo (1941), Hollister (1867), Wolle (1963), Barsness (1962), Weaver (1910), Holliday (1981), Paul (1963), Holliday (1999), Marshall (1920).  For 
definitions of variables, see text. 
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