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We identified five rushes that reached the « A » grade (> 100,000 migrants)

2.

Madagascar experienced gem rushes comparable to North American gold rushes 3.

California & Ilakaka rushes are the mother of all rushes in America and Madagascar

4.

Connections between rushes can produce a vast and life long gold rush migratory network

Introduction

In some parts of the world, small-scale mining of mineral resources has become a major feature of economic, cultural and spatial systems. This ability to transform territories (e.g. [START_REF] Canavesio | Formal mining investments and artisanal mining in southern Madagascar : Effects of spontaneous reactions and adjustment policies on poverty alleviation[END_REF] depends as much on the length of the extraction period, which can last for centuries or even millennia, as the speed with which these territories change their system when the extraction activity begins.

In the case of precious resources (gold, gemstones…) the brutality of changes represents the main characteristic. In fact, when this extractive activity is linked to high-value resources and takes place in poorly developed countries or in areas poorly controlled by the state, a migratory "rush" appears in the weeks and months after the start of resource extraction. These intense and unpredictable migratory movements that accompany the discovery of the deposits are spectacular, but rarely studied because they are often temporary and difficult to understand due to lack of data [START_REF] Bryceson | Artisanal gold rush mining and frontier democracy: Juxtaposing experiences in America, Australia, Africa and Asia[END_REF]. Moreover, the studies that are conducted almost always treat these phenomena independently of each other, whereas they are generally part of a wider and more durable migratory network than the rushes themselves.

In order to be able to make comparisons between the different rushes, this article proposes to classify the rushes according to quantitative characteristics relating to the duration of the artisanal extraction period and the number of people living off the extraction activity. To carry out this classification work, we have chosen to take the example of the largest gem rushes which have occurred since 1993 in Madagascar and to compare these movements with those which fed the famous gold rushes of the second half of the 19th century in California, Colorado, British Columbia, Alaska (Klondike and Nome), Australia and New Zealand.

This article also proposes a global vision of these migratory phenomena, which are generally studied independently of each other. In doing so, we highlight the existence of interactions between the different rushes that must, therefore, be considered as part of a larger migration network that can last for decades and bring far-off territories into contact.

Materials & methods

Limited reliability of available estimates

To evaluate and compare the intensity of different rushes, it is necessary to have data on the number of migrants and their occupations in mining districts. The number of people involved is always difficult to know. It is not uncommon to encounter uncertain estimates that often do not rely on any serious and exhaustive investigation. Five main reasons for these uncertainties have been identified.

• Rushes almost exclusively occur in underdeveloped countries and/or territories poorly controlled by state structures. As a result, in many cases, there are almost no institutions capable of measuring and controlling these migratory movements. • Moreover -especially in the early days -mining activity is often outside the legal framework.

Miners are therefore suspicious of official structures that are perceived as potentially coercive.

They therefore tend to avoid -or even flee from -all initiatives to register, count and identify them. • In addition, the extraction of precious ores by artisanal processes is often carried out on alluvial secondary deposits that cover large areas, such as California in the United States of America, Ilakaka in Madagascar or Otago in New Zealand (Figure 1). In the field, miners are scattered on many placers whose working life is sometimes as little as a few weeks. Miners are constantly moving from one mining site to another, which makes any accounting uncertain if it is not carried out synchronously on all the placers of the same mining area. In Madagascar, we have not found significant differences of residential patterns (village location as examples) between the extraction of gold and extraction of gemstones. This explains why it makes sense to compare these different rushes. In fact only mining work is slightly different. Indeed, the use of chemicals is reserved for the extraction of gold (to agglomerate gold). • When counts are made, they seldom differentiate miners from other migrants occupying peripheral occupations to mining activity. Migrants are often considered to be miners, but our work in Madagascar has shown that nearly half of migrants are not miners (miners represent 54% of the total labor force and 48% of the female labor force in the Ilakaka area). In the available literature, the distinction is not always made. It is therefore often difficult to know if the figures quoted concern miners or all migrants. • Finally, we found that most figures used in the scientific literature about the Malagasy rushes are the result of initial estimates from journalists whose methodology is often questionable. Most of the time, these figures tend to exaggerate the extent of the rushes in a goal of "sensationalism" often sought by journalists. The authors found that their own field estimates could lead to significant overestimates that only satellite or aerial image analysis can correct (house counting and area measurement).

Figure 1: The architecture of gold and gems rushes. Here the evolution from the shantytown of the first weeks (lower left) to the development of mining heritage for tourism (above) is illustrated. Photos : R.C.

Field work in Madagascar

Extensive field work

In an attempt to circumvent these obstacles, we have based our comparison and estimates on 15 years of field work, where first-hand data on several of the major rushes that Madagascar has experienced since 1993 was collected. The authors have published several articles and reports based on this work. Remy Canavesio has produced papers on the economic (2014; 2011; 2010; 2008; 2006) social (2013 ; 2010) and environmental (2009) model of artisanal mining in Madagascar, as well as the migrations associated with this activity (2015; 2010). These analyses are based on a dozen missions lasting threeto-six months in the mining districts of Madagascar between 2001and 2008[START_REF] Canavesio | Exploitation informelle des pierres précieuses et développement dans les nouveaux pays producteurs. Le cas des fronts pionniers d'Ilakaka à Madagascar[END_REF]. Some mining regions such as Ilakaka-Sakaraha have been the subject of specific missions each year between 2001 and 2008 to accurately assess the evolution of mining and migrations. Vincent Pardieu has published several field gemology articles (e.g.; [START_REF] Pardieu | Thailand: The undisputed ruby trading kingdom: A brief history[END_REF]Pardieu & Rakotosaona, 2012;Pardieu et al., 2012;[START_REF] Pardieu | Sapphires from the gemrush bemainty area, Ambatondrazaka (Madagascar)[END_REF][START_REF] Pardieu | Rubies from a New Deposit in Zahamena National Park, Madagascar[END_REF] and non academic reports both in Madagascar1 and in many other gem-producing countries (e.g.; Tanzania, Mozambique, Burma, Afghanistan, Greenland). In Madagascar, these articles and reports are based on almost yearly missions since 2005 in different artisanal mining districts.

Survey & satellite or aerial imagery analyzes

In May-June 2007, a survey (640 respondents) was conducted in four mining villages in the Ilakaka-Sakaraha mining district (Figure 5) to describe this exceptional rush that began in 1998 in the south-west of the island. This survey of twenty questions included, among other information, the age, sex, occupation, year of arrival and region of origin of each migrant. This survey carried out in four different villages made it possible to establish accurately and with a good reliability the percentage of miners and the average number of inhabitants per house (3.1 inhabitants per house / shelter on average) in this context of small-scale mining frontier. Our estimate is robust, in that we obtained similar results from one village to another. Thus, the average number of inhabitants per house is 2.9 in the mining business center of Andohan-Ilakaka (74-house sample), 2.8 in the recent mining camp2 (45house sample), 3.3 in the older village3 (40-house sample) and 3.5 in the oldest village4 (46 houses sample). It seems that in Madagascar, the houses / shelter built in the small-scale mining frontiers are generally populated by just under 3 people at the beginning of the rush and about 3.4 inhabitants in the mining villages built for a decade. The study of the age of the inhabitants shows that the difference is due to the birth of children in couples who formed in the mining district after the rush.

These figures were used as a basis for estimating the population of different Malagasy rushes. Indeed, by counting the visible houses manually on photographs taken by drone or satellite (Figure 2), we can estimate the population with high accuracy. For the Ilakaka / Sakaraha region we used two different methods to estimate the population at two different times. In July 2008, we conducted via motorbike an extensive inventory of mining placers. We were able to estimate the migrant population of each of the 61 villages or settlements in the large mining district of about 3500 square kilometers. On this occasion we estimated at 120,000 the number of migrants in the mining area [START_REF] Canavesio | Exploitation informelle des pierres précieuses et développement dans les nouveaux pays producteurs. Le cas des fronts pionniers d'Ilakaka à Madagascar[END_REF]. This estimate was close to that of [START_REF] Guerin | Ilakaka (Madagascar): la ruée vers le saphir[END_REF], who estimated at 130,000 the population in June 1999 during the peak of "ninetyniners" migratory flow. We then studied the images from Google Earth to estimate the population again over the last decade. According to the villages, the analyzed images date from 2010 to 2018 (link to research data). They generally show dense and compact villages (25 to 90 inhabitants per 1000 m²), especially early in the rush. As the houses of the miners are small (Figure 1), it is relatively easy to distinguish them from pre-existing houses which are much larger. In the absence of forest and trees, few houses or shelters escape the high-resolution satellite imagery in this region. Through this method based on a figure of 3.4 persons per house, we estimate that 112,500 migrants are still living in the mining district some fifteen years (last decade) after the start of the rush. To verify estimates from different sources, this method was also used for other rushes (Figure 5). In the case of Antetezambato, for example, we used images from Google Earth (Figure 3) to clarify and confirm the estimates made by [START_REF] Danet | New discovery of demantoid from Ambanja, Madagascar[END_REF] and Pezzotta (2010). In other cases, such as in the Andilamena (2000Andilamena ( -2006) ) and Bemainty (2016-2017) mining districts, we used high-resolution satellite imagery to measure areas occupied by mines and houses / shelters. Although cloud cover in this eastern part of the island renders most of the satellite imagery unusable, we have managed to find images with almost no cloud cover at dates close to the supposed peaks of mining activity. In the case of Andilamena, we analyzed an image of the Ikonos satellite of September 19, 2001. This image, which is totally devoid of clouds, is valuable the extent that the "peak" of the rush would have been reached in the first half of the year 2001 [START_REF] Henricus | New Madagascan ruby finds trigger mining rush[END_REF][START_REF] Leuenberger | The new ruby deposits in eastern Madagascar: Mining and production[END_REF], and that the two main mining sites are perfectly visible. For the Bemainty mining district we used a WordView 2 image of February 6, 2017, a date close to the estimated peak of the rush that would have occured between the field mission in October 2016 by [START_REF] Perkins | Visit to sapphire rush East of Ambtaondrazaka, Madagascar[END_REF] and that we (V.P.) carried out in February 2017 [START_REF] Pardieu | Sapphires from the gemrush bemainty area, Ambatondrazaka (Madagascar)[END_REF]. The image shows cloudy tailings that obscure a small portion of the mining area (approximately 5 to 10%).

We have varied our methods to make estimates. In the Bemainty sapphire rush (2016-2017), for example, we (V.P.) counted rice imports from the mining region to estimate the number of inhabitants based on their average daily consumption, and from the hypothesis -a priori consistent -that all the rice consumed was imported. In addition -as in the Andilamena mining district -we measured the surface area devoted to mining and housing a few weeks after the peak of the rush. These measurements show that estimations from the field were not suitable because they highly overestimated the surfaces worked by miners, both in Andilamena and Bemainty. In a few cases where we did not have the opportunity to personally visit a mining area at the time of the rush, and when the quality of the satellite or aerial images was insufficient to count houses, we based our estimates on those made by other authors. When this was the case (as in Andranondambo, where only an incomplete aerial photo was available) (Schwarz et al., 1996), we took care to compare the numbers with the estimates of the mining professionals with intimate knowledge of these rushes.

Cross-referencing these different methods (Table 1) reduces the overall level of uncertainty. Nevertheless, because our own counts may vary slightly depending on the interpretation of aerial and satellite images, we assume an uncertainty of fifteen percent (significant reliability) in case of exhaustive counting (Antetezambato) or extensive partial counting of the houses during the peak of a rush (Ilakaka-Sakaraha). When we rely on other methods involving specific -but incompletecensuses carried out by local governement (Ambondromifehy), satellite imagery from mine camps after the peak of the rush (Andilamena, Bemainty) or a field work by the authors (Andilamena, Ranotsara, Bemainty, Didy), we estimate the margin of uncertainty at about 25 percent (average reliability). Finally, the intensity of the Vatomandry gem rush (in 2000) could not be assessed with sufficient precision to be included in our analyses because of lack of information about mining population involved in this mining district [START_REF] Schwarz | Rubies from the Vatomandry area, eastern Madagascar[END_REF].

Table 1: Site-by-site basic population measurement methods.

References used for 19th century gold rushes

To make a comparison with the North American, Australian and New Zealand gold rushes of the second half of the 19th century, we relied on the existing scientific literature (Table 1).

Gold rushes with census

The magnitude of some gold rushes, such as California, Otago (NZ) or Nome (Alaska) are well known because more or less exhaustive censuses were carried out at different times of the rush.

• In the Californian case (1848-1863), we did not make distinctions between the northern gold mining districts (Shasta, Siskiyou…) and those of the foothills of the Sierra Nevada (El Dorado, Placer, Mariposa…). The California gold rush is therefore considered in its entirety. To obtain an estimate of the population involved in this rush, we have used the figures cited by Clay and Randall (2008), [START_REF] Langley | The State Register and Yearbook of Facts of 1857[END_REF], [START_REF] Hurtado | Indian Survival on the California Frontier[END_REF] and [START_REF] Paul | California Gold: The beginning of mining in the Far West[END_REF], that rely mainly on Californian censuses of 1850 and 1852, as well as on the transit of passengers by land or sea between 1848 and 1863. The loss of some data from the 1850 census, the uncertainties as to the "returns" of migrants, and lack of knowledge of the speed at which miners abandoned mining to take advantage of the many other economic opportunities (agriculture, trade, logging…) offered by the Californian territory [START_REF] Mann | After the Gold Rush : Society in Grass Valley and Nevada City, California 1849-1870[END_REF] makes estimates uncertain (average reliability). • In the southern island of New Zealand, the gold rush of Otago (between 1861 and 1874) is well documented. We relied on details given by [START_REF] Forrest | Population and Settlement on the Otago Goldfields 1861-1870[END_REF] which are based on several censuses carried out in different years and different seasons. These multiple censuses make it possible to precisely locate (high reliability) the amplitude of this rush, its geographical extent and its duration. • The quality of those estimates is comparable for the Nome Alaskan Gold Rush. The intensity of this rush is based on estimates made by the United States Geological Survey Department [START_REF] Collier | The gold placers of parts of seward peninsula, Alaska[END_REF] at several times in the year 1899 and by [START_REF] Cornwall | Alaska's Rural Development[END_REF] for the following year. These estimates are highly reliable, insofar as they are based on censuses that make it possible to precisely establish the population of the mining district at the peak year of the rush (1900).

Gold rushes without census

The reliability of the data available for California, Otago and Nome gold rushes is rather exceptional for the period. The magnitude of these rushes can be evaluated with precision thanks to different censuses made during the extraction period. But most of the time in the 19th century, one has to be satisfied with censuses made before and after the rush to produce estimates. Because of these difficulties in most of the following gold rushes (Colorado, Australia, Canada) we assume the low reliability of our estimations (likely > 25 % of error in population number).

• The extent of the Colorado gold rush (1858-1866) is difficult to evaluate in the absence of a census and to the extent that about one-third of those who attempted the rush would have turned around before reaching the Pikes Peak mines [START_REF] Robert | The Great Pikes Peak Gold Rush[END_REF]. We relied on the figures quoted by [START_REF] Paul | Colorado as a pioneer of science in the mining west[END_REF] and [START_REF] Robert | The Great Pikes Peak Gold Rush[END_REF], largely taking Fosset's (1876) estimates.

• The double gold rush of British Columbia (Fraser River and Cariboo) between 1858 and 1867 is poorly documented and population estimates are not based on official censuses. Often the data is based on period papers, as in the work of [START_REF] Swindle | A Gold Rush Adventure: The Fraser River Gold Rush of 1858 (as reported by the California Newspapers of 1858[END_REF]. We used [START_REF] Griffin | Miners at work, a history of British Columbia's gold rushes[END_REF] estimates to establish the extent of these rushes. • The gold rushes of Australia (Victoria 1850-1860and Western Australia 1893-1896) are also poorly documented. Indeed, we have censuses before and after each rush, but these censuses do not make it possible to know what proportion of the population was involved in the mining activity, or in other activities such as ranching. We are therefore forced to rely on the uncertain estimates provided by [START_REF] Battellino | Mining Booms and the Australian Economy: Address to The Sydney Institute[END_REF]. • The New Zealand goldrush of the West Coast of the Southern Island (1864-1867) is also not well known. The data is fragmented and we relied on the Encyclopedia of New Zealand [START_REF] Mclintock | An Encyclopaedia of New Zealand[END_REF]. • For the Klondike (Canada), we have a multitude of vintage photos, but could not locate data from any census. We relied primarily on estimates from the National Historical Park of Alaska, consistent with those of [START_REF] Berton | Klondike: The Last Great Gold Rush, 1896-1899[END_REF].

Results

Evolution in time of the small-scale mining frontiers population

The survey conducted in Ilakaka in 2007 showed that two-thirds of the migrant labor force was mainly engaged in extractive activity (digging, transporting, washing ores). In most of the rushes we have studied, the evolution of this migrant population follows the demographic model described by Jacques et al. (2004). This model highlights the rapid population increase in the first weeks or months following media coverage of the discovery. After the population peak, the decline is at first rapid, and then slows in the following months or years (Figure 3).

This pattern corresponds to the natural evolution, as the deposit is depleted and it becomes more and more technically difficult to reach the residual ore (increase of the depth of the shafts, work in the flooded lands…) This theoretical scenario is valid insofar as the miners are working in a situation of perfect competition [START_REF] Knight | Uncertainty and Profit[END_REF][START_REF] Arrow | Existence of an equilibrium for a competitive economy[END_REF], with the exploitation of a resource available in limited quantity, provided that this resource does not experience significant price variation during the operating period. Moreover, to observe this evolution, it is important that all "pull" and "push" migratory factors are stable. This implies the existence of a globally unchanged economic, political and social environment. When these conditions are met, we found that the average population involved during the time of active rush represents about a third of the maximum population reached at the peak of the rush.

Figure 3: Gold rush and gem rush population model (based on the Antetezambato gem rush population changes). Satellite imagery from Google Earth.

However, in many cases (Ranotsara, Bemainty, Zahamena, Klondike…), mining has been disrupted or even stopped abruptly by the intervention of the government, or by more or less organized armed groups. Extraction conditions therefore often becomedegraded or even impossible, placing the extractive economy in a situation of imperfect competition [START_REF] Robinson | The Economics of Imperfect Competition[END_REF]. Army interventions are often violent and sometimes result on the death of miners (as in Ranotsara in March 2006). In this scenario, the end of the mining and migration phenomenon is thus modified compared to the theoretical model. On the other hand, when mining continues for decades, like in the Ambondromifehy and Ilakaka-Sakaraha mining districts, the population also evolves according to the mining situation of other regions.

Related rushes

Indeed, we also found that the discovery of a new deposit led to a transfer of miners already digging in different mining districts to the most recently discovered deposit. In the 1850s-1860s, these migrations were observed between the North American gold regions of California and the deposits discovered in the late 1850s in Colorado [START_REF] Paul | Colorado as a pioneer of science in the mining west[END_REF] or in British Columbia [START_REF] Griffin | Miners at work, a history of British Columbia's gold rushes[END_REF]. This competition for mining territories has even been observed on a global scale (Figure 5), since a significant number of Californians visited south-east Australia in the 1850s [START_REF] Battellino | Mining Booms and the Australian Economy: Address to The Sydney Institute[END_REF]. The 1870s and 1880s were marked by a sharp decline in these mining and migratory phenomena. But this competition of artisinal mining territories was reproduced clearly between the Klondike and Nome rushes in 1899 (National Historical Park of Alaska) from miners who were often descendants of the rushes of 1850-1860 (Figure 6). For almost half a century, a community of professional miners fueled and participated in a multitude of gold rushes in the United States, Canada, Australia and New Zealand, forming a much larger migratory network and more sustainable than the rushes themselves.

Figure 4: Map of the main gold mining-driven migrations (> 15 000 migrants) of the second half of the 19th century in the United States, Canada, Australia and New Zealand.

In Madagascar, this competition between mining districs (Figure 5) started in 1998, when the Ilakaka-Sakaraha sapphire deposits were discovered. Indeed, the mining region of Ambondomifehy (Schwarz and Kanis, 1996) lost 80% of its population between September 1998and March 1999[START_REF] Madagascar | Étude d'impact environnemental approfondie des activités d'exploitation du saphir dans et autour du Parc National de l'Ankarana[END_REF] as most of the miners traveled nearly 2000 km to reach the Ilakaka-Sakaraha deposits. Thus, in 2007, 4.4 per cent of the population of the Ilakaka-Sakaraha frontier were composed of former Ambondromifehy miners and 13% were former Andranondambo miners. In 2001, the Ilakaka-Sakaraha mining district experienced a significant temporary decrease in population [START_REF] Canavesio | Exploitation informelle des pierres précieuses et développement dans les nouveaux pays producteurs. Le cas des fronts pionniers d'Ilakaka à Madagascar[END_REF], after the discovery of a huge ruby deposit in Andilamena in October 2000 [START_REF] Leuenberger | The new ruby deposits in eastern Madagascar: Mining and production[END_REF]. More generally, and until recently [START_REF] Perkins | Visit to sapphire rush East of Ambtaondrazaka, Madagascar[END_REF], the Ilakaka-Sakaraha district has fueled the gem rushes all across Madagascar over the past two decades. Indeed, for 20 years, the mining region of Ilakaka-Sakaraha has become the miners' "home base" and the center of gravity of a national scale migratory network formed from a multitude of more temporary rushes. These rushes, which often took place in the forest region of Andilamena-Ambatondrazaka-Tamatave (Figure 5), are therefore systematically composed of professional miners from Ilakaka, along with the pre-existing local population (mainly farmers).

Figure 5: Map of the main gem rush migrations in Madagascar since 1993.

Figure 6: Timeline of gem and gold rushes of more than 15,000 migrants.

Classification of rushes

This great mobility of migrants on a regional scale (from one deposit to another in the same mining area), but also at the national level (from one mining area to another) is a major barrior in evaluating the overall mining activity of a region over a long period. It is easier to measure the population of these mining districts at a specific date, especially when one is able to study aerial or satellite photos. This led us to classify the rushes according to the maximum number of people (miners and people directly dependent on the mining activity) who participated in each rush during the peak of a rush. The data we obtained is presented in a diagram (Figure 7) to visualize and classify the rushes according to their intensity (maximum number of migrants). The approximate duration of the artisanal mining activity is also indicated. To classify a rush as active, we arbitrarily chose the figure of 1000 migrants as the minimum value. People who are employed in mechanized mining are not counted.

Figure 7: Goldrush and gem rush classification according to migrant numbers.

Our classification has five distinct intensity levels (Figure 7). Among the various rushes for which we have been able to assess the migrant population with accuracy, two reach with certainty the maximum scale ("A" grade). With well over 100,000 people involved, these two rushes (California and Ilakaka) have an exceptional migratory character. The Australian gold rushes and the Pikes Peak (Colorado) rushes have also most likely reached this scale. In just ten years (1848-1858), the world experienced three rushes mobilizing more than 100,000 people. This near simultaneity of gold rushes is not a coincidence. Indeed, the California gold rush served as an example and helped to hone skills that spread, not just in North America, but also to Australia and New Zealand. In fact, the Victoria gold rush was initiated by a miner who had previously looked for gold in California [START_REF] Battellino | Mining Booms and the Australian Economy: Address to The Sydney Institute[END_REF]. The same phenomenon has been observed for a quarter century in Madagascar. In the Malagasy case, the Andranondambo sapphires rush was the detonator for several gem rushes in the last two decades. Since 1993, Malagasy people have known that the basement of their country may contain valuable stones, and more and more people know how to recognize them. The miners who participated in the Andranondambo rush often later worked in Ambondromifehy, then in Ilakaka and Andilamena, dispersing and communicating knowledge and skills that favor new discoveries throughout the country. Finally, in the last 23 years, Madagascar has had at least six distinct rushes reaching grades "A" to "D". One of these rushes (Ilakaka-Sakaraha) even surpassed the famous Alaskan gold rushes of Klondike ("C" grade) and Nome ("D" grade). On a global scale, and during the last two centuries, few other rushes linked to artisanal mining activity have been as intense. The Sierra Pelada gold rush in Brazil also reportedly approached the "A" rank in the early 1980s [START_REF] Corbett | Health evaluation of gold miners living in a mercury-contaminated village in Serra Pelada, Para, Brazil[END_REF]. Africa has also been the scene of many rushes, whether for gold [START_REF] Jønsson | Rushing for gold: Mobility and small-scale mining in East Africa[END_REF] or for different gems (including diamond). Since the end of the 19th century, the African continent has shownexceptional potential. In South Africa, the Kimberley diamond rush probably involved 50,000 people [START_REF] Williams | The Diamond Mines of South Africa[END_REF] in the 1870s. A decade or so later, the South African gold mines of the Witwatersrand attracted even more migrants. More recently, the artisanal mining of various gems has triggered major rushes in East Africa [START_REF] Pardieu | Thailand: The undisputed ruby trading kingdom: A brief history[END_REF]. It is in Tanzania (6,000 migrants in Winza in 2008) and in Mozambique (15,000 migrants in 2010) that we observed, other than Madagascar, the most spectacular rushes in recent times. Unfortunately, these African rushes are often poorly documented.

Conclusion

This article has clearly demonstrated that artisanal and small-scale gem mining in Africa can produce rushes comparable to the huge North American or Australian gold rushes of the 19th century. Only the size of the migratory basin is smaller, in that it is national, rather than global. Due to the duration of the extraction period and the number of miners involved, the Ilakaka-Sakaraha rush shows exceptional character. Indeed, in this mining district artisanal and small-scale mining has been the income basis of more than 100,000 people for two decades. This could well be a world record on this geographical scale (3,500 km²). In addition, we have shown that gold and gem rushes are complex and often simultaneous migratory phenomena. The rushes are linked together, both by the movement of miners between the mining districts, and by the transfer of skills and techniques between these miners. These skills and the gradual formation of the small-scale mine workforce can then form the basis for long-term mining systems, which, in the North American cases, have resulted in a world class formal mining industry [START_REF] Paul | Colorado as a pioneer of science in the mining west[END_REF]. The spread of miners to non-mining areas at the end of a rush may also be the starting point for the discovery and development of new deposits of precious metals and gems. Thus, the end of a rush is not necessarily the end of mining activity or the migratory episode, but rather potentially the beggining of rushes to follow. This new concept of rush dynamics is important for stakeholders in charge of territorial management. As seen in the previous examples, the knowledge of gold and gem-rushes, remains very weak. Consequently, it is difficult for governments and authorities to anticipate their evolutions and to put in place structures to optimize economically, socially and politically the extraction of gold and gemstones. In Madagascar for example, the extraction of gemstones could contribute to poverty alleviation if it allowed to feed a more integrated industry [START_REF] Cartier | Livelihoods and production cycles in the Malagasy artisanal ruby-sapphire trade : a critical examination[END_REF]. The establishment of such a sector however requires long-term lapidary and jewelery training.

Figure 2 :

 2 Figure 2: Manual counting of houses from Google Earth images. Each house is marked by a colored dot. To facilitate counting, groups of 100 houses are represented with different colors.

  

  

  

Links to reports for Andilamena ruby rush (http://secretsofthegemtrade.com/authors-articles/mines-ofmadagascar/part-i/), Bemainty sapphire rush (https://www.gemstone.org/incolor/Incolor35/index.html#24) and Andranondambo sapphire rush (https://www.ganoksin.com/article/the-once-and-future-sapphire/).

Andranomena (short lived mining camp) that remained active only few weeks in 2007.
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