Galactic Archeology

The Distant Past
The current universe sprang into existence in a massive and sudden release of matter and energy approximately 15 billion years ago. In the billions of years that followed the universe cooled, coalesced and gained structure. Stars were born and died, and heavy elements began to form in ever increasing density.

Cosmologists believe that it took over five billion years before there were sufficient heavy isotopes (oxygen, carbon, iron, etc.) to support life as we know it. Very few relics exist from such a long-past age, and very little is known about the earliest life in the universe.

By the time the universe reached its 10 billionth birthday life was probably becoming quite common, and the first intelligent organisms may have developed. The oldest physical artifact is almost 2 billion years old, but there is indirect evidence of even older intelligent races.

Archaeology
The best way to study and understand the species that have come before us is to carefully study the artifacts and other relics that have survived until the present. When the artifacts are many millions (or even billions) of years old the technical challenge the archaeologists must overcome is severe. The "field techniques" of modern archaeologists must span many different technical and scientific disciplines. Physics, astro-navigation, and cosmology are needed for finding, dating and categorizing orbital and deep-space artifacts. Genetics, biochemistry and biology and required to sift through a biosphere looking for genetic and biochemical relics. Geology, hydrology and paleobiology are useful when searching for fossil evidence of long-gone colonies. And history, xeno-psychology and xeno-languages are critical for trying to join disparate pieces of evidence into a comprehensive picture of an ancient civilization.

Physical artifacts are the mainstay of much archaeological exploration. These artifacts can be anything from simply ceramic potshards to intact spacecraft. Physical artifacts present a view of the material culture of a species. They can reveal much about the technological sophistication of the building species. More importantly they can often be used to construct elements of the lost culture. And for species with no known pictorial representation the physical artifacts can provide clues as to their physiology (size, hand shape, senses and perceptions). However, the older the civilization the fewer artifacts that tend to have survived to the present.

Most of the best artifacts (intact and in good condition) have been found in space. The hard vacuum of space is a very good preservative, and the extreme cold far from stars further aids the preservation process. Obviously only civilizations that achieved space travel left such artifacts.

Ancient spacecraft are extremely informative and valuable finds. Some are found in stable orbits around worlds or within the "Trojan points" (areas of relative gravitation stability generated in multi-body orbital mechanics). More rarely, craft on interstellar trajectories are located and captured. By closely analyzing a spacecraft it is possible to learn much about the builders and crew (which are not necessarily the same species, culture, or civilization). The materials from which the ship is constructed (alloys, ceramics, plastics, etc.) reveals much of the materials technology of the builders. The engines and fuel capacity can provide insight into the physiologic limits of the crew, and possibly the crew lifespan. Life support provides clues to the physiology and biochemistry of the passengers and crew. The number and prevalence of weapons and defensive systems can reveal how common violence and war were. And finally the presence of the FTL capable jump drive provides definite proof which civilizations have made that pivotal discovery.

Satellites are less exciting, more common discoveries than spaceships. Because most satellites have no provision for a living crew, little information about the physiology of the builders can be gleaned from the design. Some information of technical sophistication of communications and remote sensing technology can be measured, though. Because planetary orbits often get cluttered with "space junk," very old satellites are usually badly damaged from multiple collisions.

A staggering array of other objects can be found in space. The "space junk" can be as small as dust grains eroded off the surface of a larger object to huge asteroids that have been extensively modified (mined, hollowed and spun for gravity, etc.). Disposable rockets packs that were used and discarded millions of years ago still sail silently through the void. Small, uninformative and low-value "junk" artifacts are relatively common and easy to find. While the areas directly around inhabited worlds have been scoured clean, a few hours searching the Trojan points of a distant world will yield at least a few scraps of metal and plastic which are millions of years old.

Physical artifacts on planetary surfaces are much rarer. While cold, airless moons provide similar preservation to deep space, the heat, air, weather and geologic activities of most "habitable" worlds quickly degrades most artifacts. The older the artifact, the more likely it has been damaged or destroyed by these processes.

The total number and nature of the artifacts left on a world is highly dependent on the material culture of the civilization that made them. A civilization that diligently recycles and builds all of its structures from bio-degradable materials is going to much less evidence than a culture that creates durable plastic dolls and buries them deep underground. Conversely large repositories of long-lived nuclear waste last for millions of years and are clearly not natural structures. Very few large intact artifacts have been found on geologically and environmentally active worlds. Small robust pieces (cement, steel, ceramics, plastic) often are unearthed in geologic strata that correspond to times of ancient colonization. Even such scrap artifacts can yield much information about who built them, but are often so common as to be of little value. An intact small artifact (for instance a small statue) would be quite valuable, however.

The most valuable artifacts are those of civilizations whose technological sophistication far surpassed our own. These artifacts are not just valued by scientists who seek to expand our understanding of the physical laws that govern the universe. Anthropologists seek to understand the culture that made such technical marvels and to try and understand the relation between the social and physical sciences in sudden civilization changes. And some religious groups strongly believe in the importance of the artifacts. Some such groups think they are objects of divine inspiration, while other believe they are works of evil set to distract us from our "proper" path.

The great importance all of these different groups place on the technical marvels bestows them with huge value. There is a great deal of prestige associated with their ownership; and museums, research institutes, cults, autocrats and the ultra-wealthy all vie for their possession. Some of the most unique and bizarre artifacts cannot be purchased at any price. Exchange of such artifacts is usually through trade or theft.

Other physical evidence is occasionally found on "habitable" worlds, evidence of war. This can be in the form of trace isotopes in the air, soil and water, which are characteristic of nuclear weapons. Some worlds have crater scars, evidence of kinetic orbital bombardment. A few worlds with "wrecked" ecosystems have been found. These blasted worlds once supported a large complex biosphere, but now are a bleak wasteland where only simple single celled organisms survive. The most dramatic (and recent) evidence of this terrible form of genocidal warfare has been found on many carbon dioxide/methane atmosphere worlds throughout the Local Neighborhood. It is estimated that all of these worlds were devastated over a short period of time about 30 million years ago. Very little evidence remains of the civilization that died on those worlds.

Dating ancient artifacts and sites is very difficult, but can be done with great accuracy in the proper conditions. A complicating factor of dating is the effect of the long-past civilization on that dating technique. One classic method is to look at the abundance, ratio, and decay products of radioactive isotopes in an artifact. This analysis is often confused by non-natural factors, such as changes in the background radiation due to the use of nuclear power and weapons by various civilizations over the ages. For many deep-space and orbital artifacts a popular method of dating involves measuring the micro-cratering of the object by space dust. Objects found on planets are occasionally dated based on the geologic strata in which they were discovered. With all of these methods there can be significant uncertainty and error margins. 
