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Preface


This book began as what I thought would be a simple write-up of a couple dozen heliograph station locations scattered around the southwestern United States in the late nineteenth century. (To date, I have reasonably determined the locations for eighty-six heliograph stations and am certain there are more I have missed.) The US Army used these heliographs, or mirrored communication devices, to keep in contact with forts, posts, camps, and outposts.

Small-scale maps (maps with little detail) of some of the heliograph stations and their connections are available. My goal was to create a more detailed map of the networks formed by the linked heliographs—a map where the heliograph locations are based on the recorded observations and notes of the officers, mostly lieutenants, who emplaced the heliographs, coupled with modern geographic modeling and analysis.

In the nineteenth century, as today, young officers exhibited boundless determination and energy that made the whole system work. In this case, the “whole system” refers to the greatest heliograph network ever built, which spanned eleven years and, at its largest geographic extent, covered an area the size of Kansas. Hundreds of soldiers and dozens of officers made the systems function, sending and receiving thousands of messages. Some of the officers involved later reached the highest ranks in the US Army, some left the military for business careers or public office, and one attempted to abscond with the Presidio of San Francisco’s commissary funds (and indeed he did, but he later returned them). After the Indian Wars, most of the lieutenants participated in operations throughout the world. Lieutenant Richard Paddock, who met his wife, Grace (John J. Pershing’s sister), at Fort Stanton, New Mexico, died in China. Grace died a few years later, leaving their two young children orphaned; the extended Pershing family looked after them.

Among the almost forty young officers who helped build these heliograph systems, sixteen would go on to become general officers. Two became chief of staff of the US Army, three earned the Medal of Honor, and one became a US senator. One officer was killed on San Juan Hill, another in action in the Philippines. Many served in Cuba, most served in the Philippines, and eight served in World War I.

While these heliograph systems were closely tied to the army’s conflict with the Apaches, this is not a tale of that tragic conflict but rather an exploration of the heliograph systems and the people who built them. Although the heliograph played a key role as a reliable and efficient communication tool during the Geronimo campaign, the army’s use of heliographs in the Southwest began in 1882 and ended around 1916 (although use was not continuous).

These systems demonstrated that a heliograph network could be deployed rapidly, provided a reliable and integrated communication system, saved resources, and extended a commander’s authority and control over military movements and forces in the field. Moreover, the success of the heliograph in the Southwest solidified the heliograph as a trusted part of the army’s communication suite. Given the army’s use of heliographs from the Indian Wars through World War I, a closer examination of the people, places, and events surrounding the development of heliograph networks in the 1880s and 1890s is warranted.

Robert E. C. Davis

October 30, 2024

Tucson, Arizona
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Chapter 1
Heliographs, Command and Control, and Mapping Science



IN THE LATE NINETEENTH-CENTURY SOUTHWEST, THE US ARMY EMPLOYED a device called a heliograph, a signal mirror, to communicate among its detachments, outposts, and forts. Contemporary small-scale maps reveal locations of the heliographs and their intended connections. Some of these heliograph locations are well-known; others appear as large dots on a small map, where the scale makes their locations doubtful. Adding uncertainty, many geographic names have since changed or been forgotten. Present-day Stanley Butte was once Saddle Mountain, and Mount Ord was Reno Peak. Some of the names belie certainty: “Heliograph Peak” in the Pinaleño Mountains suggests a clear location for heliograph operations. On closer examination, however, the area near today’s Grand View Peak, far from Heliograph Peak, was the center of army heliography atop the Pinaleños. Presented here is an effort to better identify where these heliographs were, who placed them there, how they were connected, when they were employed, and, in the case of the system established by General Nelson A. Miles in 1886, how they affected operations.

A heliograph is a signaling device using a mirror (see Figure 1). A heliograph station is a place staffed by soldiers and holds the equipment necessary to connect with other heliograph stations. Mirrors at one station reflect the sun’s light toward distant stations. Soldiers use Morse code to send and receive messages between stations. On some heliographs, a key attached to the mirror allowed operators to make a slight shift in the mirror’s orientation. More often, however, screens acting as a shutter created coded signals. Heliograph stations linked together to form a network or a system of communication.



[image: The map shows a wide, interconnected heliograph system across Arizona and New Mexico from eighteen eighty-two to eighteen ninety-three. Lines connect forts and mountaintop stations in a branching, overlapping structure with both regional clusters and long-distance links. Routes follow terrain to maintain line-of-sight, forming a flexible network that spans from Fort Stanton in the east to Whipple Barracks in the west. Symbols indicate the year each station was established and whether it participated in military exercises. One inset box shows U S location context, while another includes the markers for the year of establishment and exercise participation and a fifty-mile scale bar; the middle-left region and upper-right corner also include insets for historical magnetic declination, eighteen eighty-six for the former and eighteen ninety for the latter. Additional numbered boxes identify specific station groups by region.]
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Map 1. The heliograph systems, stations, and connections of 1882–1893.





[image: An historical heliograph on display at Fort Bowie, Arizona. The apparatus stands about four feet tall, including its wooden tripod. It features a six-inch circular signaling mirror in a metal frame, with an adjustable aiming arm extending from the side. The equipment shows signs of wear and age. A small sign reading PLEASE DO NOT TOUCH is affixed to the frame. The display rests on a wooden floor against a carpeted wall.]
Figure 1. A heliograph on display at Fort Bowie, Arizona. Photo by Robert E. C. Davis.




In the mid-nineteenth century, the British began working in earnest on developing a reliable apparatus for use as a heliograph. Sir Henry C. Mance invented a heliograph that was employed by British forces in Afghanistan, Africa, and India.1 The simple, lightweight Mance heliograph was tested for four years in India and was found to be effective— under the right conditions—at ranges of up to 50 miles. In the late 1870s, the Mance heliograph was used in India during the Jowaki campaign and in Afghanistan, connecting locations such as Jalalabad and Peshawar, Korst and Bannu, and Grishk and the Khojak Pass.2

It is not surprising, then, that heliographs also became part of the US Army’s communication tools around the same time, in the mid-1870s. Training for officers on the use of heliographs started in 1877 at the Signal Corps school located in Fort Whipple, Virginia (later renamed Fort Myer).3 Lieutenant Frank C. Grugan, an instructor at the Signal Corps school, who patented his own heliograph in 1881, showcased a heliograph at the International Exposition of 1876 in Philadelphia.4 General Nelson A. Miles, noted for his involvement in the Geronimo campaign of 1886, mentioned in his Personal Recollections and Observations that he employed heliographs borrowed from the Signal Corps to establish communication between Fort Keogh and Fort Custer in the late 1870s and between Vancouver Barracks and Mount Hood in the early 1880s.5 The 1879 US Army A Manual for Signals devotes a chapter to heliograph use.6 By 1881 the Signal Corps had started experimenting with various types of heliographs with the aim of improving their utility for field operations.7

Lieutenant Marian P. Maus, an enterprising infantry officer and recipient of the Medal of Honor for his 1886 actions in Mexico, constructed a network of heliographs in southeastern Arizona in 1882. He successfully connected Fort Bowie, Fort Grant, and scouting camps along the upper Gila River near Clifton, Arizona. Maus addressed the challenging problem that vexed multiple rotations of future heliograph practitioners—the formidable barrier posed by the almost 11,000-foot Pinaleño Mountains, which separated much of the Gila Valley from Forts Bowie and Grant.8 Maus’s work is often overlooked, overshadowed by the more substantial effort led by General Miles, the department commander, in 1886.9

Miles created a heliograph network covering large swaths of Arizona and New Mexico as part of a larger system to coordinate efforts against Geronimo. Miles appointed two officers, Second Lieutenant Alvarado M. Fuller of the Second Cavalry in Arizona and First Lieutenant Edward E. Dravo of the Sixth Cavalry in New Mexico, to create the interconnected network of heliograph stations.10 Their 1886 heliograph network extended from Nogales, Arizona (south of Tucson), to Fort Stanton in New Mexico (northeast of Alamogordo). In addition to the stations set up by Fuller and Dravo, other heliographs were dispatched with cavalry troops as well. In a correspondence dated 1926 between then retired Colonel Dravo and Charles Gatewood (the son of the Charles B. Gatewood from Geronimo’s surrender), Dravo mentioned that all the observation posts listed on the field operations map had a heliograph.11 These heliographs allowed troops and outposts to connect with one of Fuller’s or Dravo’s more permanent heliograph stations and therefore their chain of command.

Fuller, a prior enlisted lieutenant with years of experience (and a futurist writer whose A.D. 2000 is still available today), started setting up heliograph stations at and near Fort Bowie in late April and then shifted his efforts toward Fort Huachuca. By early June the area around those two forts included ten stations covering most of southern Arizona east of the Santa Cruz River. The New Mexico stations started operating on May 9 with Camp Henely and Separ (a rail station with a link to the telegraph). Dravo, another experienced officer, proceeded to connect stations and camps nearer the international border. Fuller, on June 27, set up the station at Stein’s Pass, thereby connecting the Arizona and New Mexico heliograph networks into one. By the end of June, the majority of the 1886 stations were set (see Figure 2). The 1886 system continued to grow in New Mexico after Geronimo’s September 1886 surrender with a line to the east to Fort Stanton.12

The 1886 heliograph network accomplished four things. First, it facilitated the efficient movement of information. During daylight hours, it excelled at transmitting information across a dispersed force, enabling the sending and receiving of thousands of militarily relevant messages in a large operational area. Second, the heliograph’s extended range—double that of signal flags—provided commanders with greater flexibility in positioning, commanding, and controlling forces.13 Third, the increased range led to resource savings, as fewer stations were required to carry out the same tasks, reducing demands on personnel, logistics, and time. Finally, the heliograph system was integral to the commander’s operational concept, becoming an essential part of planning and executing operations against the enemy.

During its operational span, Miles’s heliograph network successfully transmitted just under three thousand messages (see Figure 3).14 Integrated into a broader communication infrastructure that included rails, roads, telegraphs, mail, and couriers, the heliograph network played an important role in disseminating information: intelligence about Apache movements, status updates, logistic requests, and weather reports. It also kept commanders connected with their chains of command.15

Because of the heliograph, in late May 1886, Captain Adna R. Chaffee, a future chief of staff of the US Army, could position a detachment in the choke point at Heatley’s Well, New Mexico, while still maintaining communication using a single visual link to Fort Cummings, 34 miles to his north—over twice the distance allowed by signal flags. He then moved the detachment northeast to Lockhart’s Well, where he quickly reestablished communications via heliograph. In late June, Captain Gustavus C. Doane’s troop on the western slope of Cochise Stronghold was 32 miles distant from Fort Huachuca but still connected via a single heliograph link. The troop at Bisbee connected to Fort Bowie 50 miles to the north with two heliographic links relayed together. Several signal flag links would have been needed to cover the same distance; indeed, the soldiers with heliographs at Hachita Mining Camp, Hillsboro, Alma, Camp Henely, Old Camp Rucker, Emma Monk, and Antelope Springs were all much farther from a fort than flag signaling allowed. The extended range of the heliograph gave troop commanders more options for positioning—over twice as many.16

[image: Bar chart showing the number of heliograph stations established per month in the year eighteen eight-six in Arizona and New Mexico. June saw the highest total, with thirteen stations, 7 in Arizona, 6 in New Mexico, followed by May with ten, 5 per state, and August, 5 stations, with 4 in New Mexico and 1 in Arizona. Arizona’s activity peaked in June, while New Mexico saw significant increases in May, June, and August. Only 1 New Mexican station was established in September, and no stations were established in October.]
Figure 2. Number of heliograph network stations established per month in 1886.




[image: Bar chart showing heliograph messages sent within the Arizona network from May to September eighteen eight-six . Message volume increased steadily: about one hundred ninety in May, three-hundred eighty in June, four-hundred twenty in July, peaking at around six-hundred sixty in August, and slightly decreasing to six-hundred twenty in September. The data is based on counts from Fuller’s tabular report and Dravo’s tables, totaling two-thousand nine-hundred ninety-four messages by the end of August.]
Figure 3. Messages sent within the Arizona part of the heliograph network. Fuller recorded two sets of message counts: one in his textual report and another in his tabular report. The numbers from the tabular report are shown here. Dravo provided two tables: one covering the period before July 31, 1886, and another for August 1886, totaling 754 messages sent. Data from these tables shows that altogether, 2,994 messages were sent between May and August 1886.




If the visibility area for all forts or observation stations used during Miles’s campaign against Geronimo extending out 31.8 miles (the median line of sight across all heliograph networks) is mapped, the area in which a cavalry troop commander, equipped with a heliograph, could maintain communication with his chain of command becomes clear. This system, in operation until Geronimo’s surrender, covered approximately 8,900 square miles. This afforded troop commanders significant freedom of movement and positioning.17

In contrast, the area covered by flags and their shorter range would have been considerably smaller (using the same number and position of stations): 4,200 square miles—less than half. If just the heliographs’ point-to-point connections were supplanted by a signal flag network, approximately twice the number of stations would have been needed—sixty-three signal flag stations instead of thirty heliograph stations.18 Such a flag-based system would have required twice the signal equipment and trained operators. While that would have been burdensome enough, the underlying cost of placing any sort of remote communication station (flag or heliograph) was logistics and security—both of which would necessarily increase as well. All of these would have drained resources from cavalry and infantry units.19 Furthermore, the time needed to pass information through a flag network would have doubled. One might guess that such a resource-intensive flag-based system would not have been attempted in the first place, requiring Miles to modify his vision of how operations against the Apaches would unfold.

Miles received instructions from Lieutenant General Philip H. Sheridan to prevent hostilities from spreading among friendly Apaches and to conduct relentless operations to capture or eliminate hostile Apaches.20 Miles transformed Sheridan’s guidance into his own concept, which he transmitted in his one-page General Field Order No. 7 of April 20, 1886.21 In this order, he emphasized that the primary goal of the troops was to capture or eliminate any hostile Apache bands found in the region. He also instructed that information should be relayed via signal detachments stationed on high peaks to monitor Apache movements and transmit messages between camps.

Miles further stressed that once field commanders had knowledge of hostile Apache movements, they were to pursue the enemy relentlessly until they were either relieved by another unit or the hostile Apaches had been captured or killed. Commanders were also instructed to transmit information on hostile Apaches across the chain of command. Miles provided guidance on force positioning, logistics, reporting requirements, and relations with local citizens. Miles’s order laid out a framework of communications, information management, procedures, and decision making—he described what is now referred to as command and control.22 Fuller and Dravo built a communication network; Miles built a system, an integral part of which was the heliograph network, designed to locate the enemy, communicate, distribute information, and direct the movement of forces to pursue the enemy until its individuals were captured or killed.

Miles’s plan was pushed into action only seven days after it was signed when on April 27 (prior to the heliograph deployment and only fifteen days after Miles took command) the Apaches came north from Mexico into the Santa Cruz Valley.23 Under pressure from the army, the Apaches were pursued back into Mexico.24 Again in late May, the Apaches crossed the border into Arizona and split their force: Geronimo headed back to Mexico, and a group led by Naiche (the second son of Cochise and the chief of the Chiricahuas),25 sprinted north toward Fort Apache.26 Naiche, after avoiding an ambush near Fort Apache, reversed course and returned to Mexico through the Patagonia Mountains.27 However, before crossing into Mexico, at camp in the Patagonia on June 6, Naiche was surprised and attacked by Lieutenant Robert D. Walsh (who later served in World War I as a brigadier general).28 Walsh was sent to intercept Naiche by Captain Henry W. Lawton, leader of a battalion at Calabasas.29 Naiche and his band escaped Walsh’s attack and fled into Mexico.30 During Naiche’s gambit up to Fort Apache and back, he was pursued by no less then fourteen detachments of US forces, who, following General Order No. 7, “[took] up the pursuit … until [relieved by] a fresh command.”31

[image: Areas of southeastern Arizona and southwestern New Mexico visible to at least one heliograph station on September 4, eighteen eighty-six. Black shading indicates visible terrain, forming an irregular but continuous belt from the U S Mexico border near Nogales to the Rio Grande near Las Cruces. White circles indicate heliograph station locations. A legend explains the shading and symbols and includes an eighty-mile scale bar. Other insets include an eighteen eighty-six magnetic declination arrow in the upper-right corner and a U S regional locator map highlighting the coverage zone.]
Map 2. Extent of the 1886 network’s operational heliograph coverage.




In late May and early June, “helio information” allowed forces to strike the Apaches “in their second camp[,] … on their retreat[,] … and near the border.”32 The “near the border” event likely occurred on June 5, when soldiers at the Antelope Springs heliograph station spotted Apaches moving south. The soldiers sent that information to Fort Bowie and Fort Huachuca. Fort Huachuca relayed, via heliograph and finally courier, this information to Captain Lawton at Calabasas, who sent several detachments to intercept the Apaches; this is how Lieutenant Walsh came to attack Naiche’s camp on June 6.33 Naiche, after slipping south of the border, rejoined Geronimo on June 9.34 By this time, Lawton’s force was in pursuit. It followed Geronimo deep into Mexico, leaving the umbrella of the heliograph network behind. Nevertheless, the heliograph network continued to support a barrier to hostile Apache activity north of the border,35 even expanding in July, August, September, and November.36 While Lawton did not use the heliograph as he moved in Mexico, he was still supported by the other communication means until the goal of General Field Order No. 7 was achieved with the Apache surrender in September 1886.37

The use and development of heliograph networks in the Southwest continued after Geronimo’s surrender. In November, Lieutenant John J. Pershing, who became commander of the American Expeditionary Forces during World War I, established a heliograph line in New Mexico from Fort Bayard to Fort Stanton. The next year, Miles held a field exercise in September and October. During this exercise, Miles emphasized that “commanders would occupy their districts of observation by the location outposts, signal and heliograph stations.”38 Beginning in 1887, lieutenants explored throughout Arizona searching for potential heliograph station locations, aiming to expand the heliograph communication system if needed. Lieutenants Leonard Wood, William A. Glassford, and Clough Overton explored large areas of Arizona, recommending locations based on observation, logistic supportability, and military concerns.

Glassford, a signal officer who joined the army as a private and later became a leader in army aviation, surveyed possible heliograph station sites from Whipple Barracks (near Prescott) to Willcox, Arizona. His focus was connecting “posts in this Territory and especially from the Mogollon to the Sierra Madre Mountains.”39 Wood, a Harvard-educated medical doctor who was a trusted lieutenant of Lawton’s and eventually became chief of staff of the US Army, reported on potential connections from Mount Thomas (now known as Mount Baldy) in the White Mountains through the Sierra Ancha to the Gila Basin.40 Overton, a cavalryman who later served in Cuba and was subsequently killed in the Philippines, concentrated his efforts in the Tonto Basin. They each gave detailed reports describing the terrain and proposed station locations and connections for an expanded heliograph system.

In 1888 the army published the manual Instructions for Using the Heliograph of the United States Signal Service.41 Also in 1888, General Adolphus W. Greely, the army’s chief signal officer, convened a board with the task of selecting or designing a “standard heliograph” for army use.42 Captain Grugan, Lieutenant Maus, and Lieutenant Frank Greene, a member of the Signal Corps, were assigned to this board by Greely. The board determined that none of the heliographs currently available met the army’s requirements, leading them to develop the “service heliograph.” The service heliograph was light, compact, and sturdy enough to withstand the punishment caused by “almost any circumstances.”43 It featured a two-mirror configuration, allowing operators to use it effectively regardless of the sun’s position relative to the target. In other words, operators could still signal to the front even with the sun behind them. In addition to the board’s recommendation, the Signal Corps saw a significant increase in funding for army signaling, with expenditures more than doubling, from about $2,000 to $5,000, between 1888 and 1889.44 The new service heliographs were manufactured and provided to the Department of Arizona “as rapidly as appropriations would permit” and in time to be used in a series of exercises starting in November 1889.45

In the fall of 1889, Major William J. Volkmar, serving as the adjutant general of Brigadier General Benjamin H. Grierson’s Department of Arizona staff,46 proposed and took the lead in organizing a large-scale exercise scheduled for May 1890.47 The aim of this exercise was to expand the existing heliograph system created in 1886. Volkmar, a seasoned cavalryman and veteran of the Civil War,48 drawing upon his experiences and those documented by Wood, Glassford, Overton, and others, planned to extend the 1886 heliograph system northward to Whipple Barracks and establish an additional line eastward to Fort Stanton. To prepare for the May event, exercises were held in November 1889 and again in April 1890.49

In anticipation of these exercises, Volkmar issued specific directives to the acting signal officers (ASOs) of the various heliograph divisions.50 These directives encompassed a range of important considerations, including the selection of heliograph types for specific stations, the necessity of having commissioned officers present at certain stations, designated times for establishing connections with other stations, the potential reduction of stations based on successful long-range connections, protocols for handling a “through” message (a message relayed by intermediate stations between the sending station and the intended recipient), and reporting requirements.51 Of particular significance to this work, Volkmar required that “immediately upon effecting communication between adjacent stations … actual magnetic bearings will be noted.”52 These measurements would be used to







[image: Black-and-white scan of a blueprint map titled Map Number One Showing Lines & Stations of Heliograph System Department of Arizona. Geographically, the heliograph network depicted forms two major branches: one extends from Fort Whipple (Prescott) southeast to Fort Bowie, and the other, interconnected with the first, stretches eastward from Nogales to Fort Stanton. Labeled stations are connected by white lines indicating signal routes. The blueprint-style map appeared in the eighteen ninety annual report of Department of Arizona commander Brigadier General B H Grierson.]


















[image: Visibility analysis in the Pinal Mountains. Shaded regions indicate terrain visible from either Lookout Peak, San Carlos, or both; areas visible from both are highlighted and cluster around Pinal Peak. Contour lines illustrate rugged terrain near Signal and Pinal Peaks. A legend explains the three visibility categories using distinct hatching styles. An inset box for the main map includes a half-mile scale bar and, in its lower-right corner, an eighteen ninety magnetic declination arrow. An inset map in the lower left shows the locations of San Carlos, Saddle Mountain, and the lines of sight converging on the detailed area with a twenty-mile scale bar.]
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